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winamdebare krebulSi Sesulia hidrometeorologiis institutis 62-e maisis 
samecniero sesiaze mosmenili moxsenebebi, miZRvnili hidrometeorologiisa da 
ekologiis aqtualuri problemebisadmi. Sesabamisi statiebi mocemulia Semdeg 
samecniero mimarTulebaTa mixedviT: meteorologia, klimatologia, 
agrometeorologia, hidrologia, klimatis cvlileba, bunebrivi garemos 
dabinZureba. 
      krebuli gankuTvnilia geofizikur, geografiul da ekologiur mecnierebaTa 
sxvadasxva dargSi momuSave mecnierebisa da specialistebisaTvis, magistrantebisa 
da doqtorantebisaTvis. 
 

In this issue texts of papers presented at the 62-th May scientific session of the Institute of 

Hydrometeorology are offered, dedicated to the pressing problems of Hydrometeorology and Ecology. 

Relevant papers are given according to the following scientific directions: Meteorology, Climatology, 

Agrometeorology, Hydrology, Climate Change, Environmental Pollution.  

The volume is intended for experts working in different branches of geophisical, geographical end 

ecological sciences, magistrates and doctorates. 

 

В настоящий сборник включены тексты докладов, заслушанных на 62-ой маиской научной 

сессии Института Гидрометеорологии, посвященной актуальным проблемы гидрометеорологии и 

экологии. Соответствующие статьи даны по следующим научным направлениям: метеорология, 

климатология, агрометеорология, гидрология, изменение климата, загрязнение природной среды.  

Сборник предназначен для ученых и специалистов, работающих в различных областях гео-

физических, географических и экологических наук, магистрантов и докторантов. 
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     uak 551 
saqarTvelos atmosferoSi gafrqveuli da mdinareSi CaRvrili  

damabinZurebeli nivTierebebis gavrcelebis  ricxviTi modelebis Seqmna 
a. surmava, l. inwkirveli, n.gigauri 

saqarTvelos teqnikuri universitetis hidrometeorologiis instituti, Tbilisi, 
saqarTvelo 

 
     modelebis Seqmnisa da maTi saSualebiT Catarebuli samecniero kvlevebis 
mizans warmoadgens DdamuSavdes iseTi maTematikuri modelebi, romlebis 
saSualebiTac SesaZlebeli iqneba saqarTvelos calkeul regionebis atmosferuli 
haerisa da ZiriTadi mdinareebis dabinZurebis donis gansazRvra maTSi didi 
raodenobiT moxvedrili damabinZurebeli nivTierebebis gavrcelebis SemTxvevebSi. 
aseTi samuSaos Sesrulebis saSualebas iZleva hidrometeorologiis institutSi 
wlebis ganmavlobaSi Catarebuli kvlevebi [1-3]. samuSao iTvaliswinebs Sedegi 2 
saxis modelis Seqmnas:  

modeli 1. 
 saqarTvelos regionisaTvis β-mezomasStabis atmosferuli procesebis 

ganviTarebis, atmosferoSi damabinZurebeli pasiuri da arapasiuri nivTierebebis 
gavrcelebis da niadagze daleqvis  ricxviTi modelis damuSaveba.  

1. amocanis dasma  
Gganixileba are romelic moicavs saqarTvelos rTuli reliefis mqone 

teritorias,romlis horizontaluri zomebi daaxloebiT 150-200 km-ia modelis 
realizaciisaTvis gamoyenebulia atmosferos HhidroTernodinamikis Semdegi 
gantolebaTa sistema: 
а) atmosferosaTvis [4,5] :  
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b) niadagis aqtiuri fenisaTvis [6.7]:  
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 c) zRvis wylis zeda fenisaTvis : 
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sadac t droa; x, y da z aRmosavleTiT, CrdiloeTiT da vertikalurad zeviT mimarTuli 
dekartes kordinatTa RerZebia, Sesabamisad; h/)z(     ganuzomadi vertikaluri 

kordinataa; )y,x(δ=δ 0   miwispira fenis simaRlea; 
0

  reliefis simaRlea;  h = H - ; 

),,( yxtH  tropopauzis simaRlea; u , v, w da w~   qaris siCqaris mdgenelebia  x, y, z da 

 RerZebis gaswvriv; T/T   da )z(P/P   temperaturisa da wnevis analogebia; 

K300T  ; T  , P  temperaturis da wnevis gadaxrebia maTi standartuli vertikaluri 

ganawilebebidan zTzT  )(  da )(zP , Sesabamisad;  - temperaturis standartuli 

vertikaluri gradientia;   da   temperaturis analogis mezomasStaburi da fonuri 

Semadgeneli nawilebia;   ; q da Q wylis orTqlis masuri nawili da fonuri 
masuri nawilebia;;  m da  M Rrublis wylis masuri nawili da fonuri masuri 

nawilebia; soilT  da  s e aT  niadagisa da zRvis wylis temperaturebia;  c  atmosferos 

damabinZurebeli pasiuri nivTierebis koncentraciaa;  V niadagSi wylis moculobiTi 

Semcvelobaa;  (z) da sea mSrali haeris simkvrivis standartuli vertikaluri 

ganawileba da zRvis wylis  simkvrivea;  g Tavisufali vardnis aCqarebaa; R 

universaluri gazuri mudmivaa mSrali haerisaTvis; pC da seaC  mSrali haeris kuTri 

siTbotevadobaa mudmivi wnevis pirobebSi da zRvis wylis kuTri siTbotevadobaa;  S 

Termuli mdgradobis parametria; L kondensaciis faruli siTboa; con  kondensaciis 

siCqarea;   da   horizontaluri da vertikaluri turbulentobis koeficientia;  

t/N   - naleqebis mosvlis intensivobaa; D niadagSi wylis difuziis koeficientia; E  - 

niadagis filtraciic koeficientia; I  zRvaSi mzis jamuri radiaciis nakadia; soilK da 

seaK niadagisa da zRvis wylis temperaturagamtareblobis koeficientebia .  da   

gansazRvrulni arian Semdegi formulebiT  [8,9]: 

222

y∂

v∂
2

x∂

v∂

y∂

u∂

x∂

u∂
2yΔxΔμ 




























  

 

 

 

 

 
  ; 

z∂

ρ∂

ρ

g

z∂

v∂
2

z∂

u∂
)z Δ05.0(ν

22

2

 

 

 

 

 

 

















 ;  
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atmosferos miwispira 100 m fenaSi meteorologiuri veelebis da 

turbulentobis koeficie3ntebis gansasazRvravad gamoiyeneba parametrizaciuli 
modeli [10]:  
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sadac 
2 2 0.5( )u v u  qaris sicqaris modulia; *u  xaxunis dinamikuri siCqarea; *  da *q  

arian potencialuri temperaturisa da wylis ortqlis moculobiti semcvelobaa 

xorklianobis doneze;   karmanis mudmivaa; 0z  da uz  arian xorklianobis parametri 

qaris siqarisa da temperaturisaTvis Sesabamisad; L sigrzis masStabia; 

Tg / konveqciis parametrias; )(u , )( , ),( uuf  , da ),(f 0  
 universaluri 

funqciebia. 
(1) - (4) gantolebaTa sistemis amosaxsnelad gamoyeneba Sesabamisi sasazRvro 

da sawyisi pirobebi. isini, kerZod, uSveben drois sawyis da Semdgom momentebSi 
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damabinZurebeli wyaroebis midamoebSi mavne nivTierebebis koncentraciebis 
mniSvnelobebis codnas. modelis integrireba xorcieldeba  cxadi ricxviTi sqemis 
[11], krankl-nikolsonis aracxadi ricxviTi sqemisa da koordinatebis da procesebis 
mixedviT gaxleCis meTodis [12] gamoyenebas.   

Catarebulia testuri gamoTvlebi kaxeTis teritoriaze arsebuli qalaqebidan 
atmosferoSi amofrqveuli mtveris gavrcelebis ricxviTi modelirebisaTvis. ganxi-
lulia SemTxveva, rodesac kaxeTis teritoriaze adgili aqvs dasavleTis fonur 
qars, romlis siCqare icvleba 1 m/wm-dan miwis zedapiridan 10 m simaRleze, 25 m/w-mde 
tropopauzis doneze (9 km). ganixileba SemTxveva, rodesac atmosferoSi vrceldeba 
mtveri qalaqebidan Tbilisi, rusTavi da saqarTvelosa da azertbaijanis teri-
toriaze mdebare 20 dasaxlebuli punqtidan. miRebuli Sedegebi naCvenebia nax. 1-ze. 

 
 
 

 
 
 
 
            
 

 
 
 
 
 
 
 
 
 
 
nax. 1. atmosferoSi mtvris koncentracia z = 2, 10, 100 da 600 m simaRleebze 

roca t = 14 sT. 
 

nax. 2. naCvenebia gamoTvlebiT miRebuli mtvris ganawileba atmosferos 
sasazRvro fenaSi da troposferoSi dRis 14 sT-ze. naxazidan Cans, rom 
damtverianeba gavrcelebulia did teritoriaze erTiani Rrublis saxiT, umetesad 
aRmosavleTis mimarTulebiT. Mmtvris gavrcelebis areSi koncantracia ara 
erTgvarovnad ganawilebuli. miwis zedapiridan 2 m simaRleze koncentracis sidide 
0.1 zdk –1 zdk miRebulia mxolod qalaqebis teritoriebze da maT uSualo 
siaxloves. 0.1 zdk-is sazRvari q. Tbilisis SemTxvevaSi gadis qalaqis teritoriidan 
2 – 4 km manZilze, q. rusTavis SemTxvevaSi ki – 8 km manZilze. danarCen teritoriaze 
gamoTvlebiT miRebuli koncentraciebi naklebia 0.1 zdk-ze. 2 m simaRlis zeviT, 0.1 
zdk-ze meti mniSvneloba miRebulia q. Tbilisisa da q. rusTavis Tavze, gacilebiT 
met farTobze. aRniSnuli efeqti gamowveulia erTis mxriv dabinZurebuli qalaqebis 
Tavze miwispira fenaSi vertkaluri turbulentobiT mtvris didi raodenobis 
gavrcelebasTan horizontaluri adveqtiuri da  turbulenturi moZraobebiT.Y 0.1 
zdk meti koncentraciis zona maqsimaluria miwis zedapiridan atmosferos 100 m-dan 
700 m-mde fenaSi. am fenis zeviT maqsimaluri koncentraciis mniSneloba iwyebs 
klebas da 3 km-is simaRleze misi sidide ar aRemateba 0.01 zdk-as.  

modeli 2. md. mtkvarSi CaRvrili nivTierebis gavrcelebis ricxviTi modelis 
damuSaveba da dabinZurebis gamokvleva.  

ganxilulia md. mtkvris nawili saqarTvelo-TurqeTis saxelmwifo sazRvridan 
mingeCauris wyalsacavamde (513 km). aRniSnuli Nnawili dayofilia 10 pirobiT ubnad. 
daSvebulia, rom TiToeuli ubani warmoadgens wrfiv arxs, romlis gaswvriv 
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mdinaris maxasiaTebeli  parametrebi ar icvleba. parametrebis ricxviTi 
mniSvnelobebi aRebulia [13]-dan. mdinaris TiToeul ubanze minarevebis gadatana-
difuziis aRiwereba Semdegi gantolebis sSualebiT:       
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sadac t droa; x, y da z dekartes kordinatTa sistemis RerZebia;  x RerZi 
mimarTulia mdinaris dinebis mimarTulebiT horizontalurad, y RerZi mimarTulia 
horizontalurad dinebis marTobulad;  z RerZi mimarTulia mdinaris fskeridan 

vertikalurad zeviT; indeqsi i mdinaris ubnis nomeria; iu  mdinaris dinebis siCqarea 

x RerZis gaswvriv i –ur ubanze; mdinaris dinebis siCqare  y RerZis gaswvriv nulis 

tolia; 0w  – damabinZurebeli ingredientis vertikaluri daleqvis siCqarea; x  , y   

da z  turbulenturi siblantis kinematikuri koeficientebia x, y da z RerZebis 

gaswvriv, Sesabamisad;  
i

C  - damabinZu- rebeli nivTierebis koncentraciaa mdinaris i- 

ur ubanze;   damabinZurebeli nivTierebis qimiuri gardaqmnis siCqarea. 
  (1) gantolebis ricxviTi integrireba Sesabamisi sawyisi da sasazRvro 
pirobebiT xorcieldeba krankl-nikolsonis sqemiTa da koordinatebisa da 
procesebis mixedviT gaxleCis meTodis gamoyenebiT [11]. ricxviTi aproqsimaciis rigi 
drois mixedviT pirvelia, sivrculi koordinatebis mixedviT – meore.  

ricxviTi eqsperimentiT  modelirebulia md. mtkvarSi saqarTvelo- TurqeTis 
sazRvarTan mdebare ubanSi 6 sT-is ganmavlobaSi uwyvetad CaRvrili pasiuri 
damabinZurebeli nivTierebis gavrceleba. CaSvebis wertilebSi nivTierebis 
koncentracia 100 pirobiTi erTeulis (p.e.) tolia. 

 

 
 
 
 
 
 
 
 
 

 
 
 

 

 

nax. 2. pasiuri damabinZurebeli nivTierebis gavrceleba CaRvridan pirveli 6 wT-is 
ganmalobaSi 

 

nax. 2-dan naxazidan Cans, rom damabinZurebeli nivTiereba mdinaris dinebis 
mimarTulebiT vrceldeba adveqciuri da turbulenturi gadatanis procesebiT. amasTan 
adveqciuri gadatanis siCqare metia turbulenturi gadatanis siCqareze. Sedegad, t = 6 
wuTisaTvis damabinZurebel laqas aqvs wagrZelebuli elifsis forma. dinebis mimarTulebiT 
is gadatanilia wyarodan daaxloebiT 200 m manZilze, xolo dinebis marTobuli 
mimarTulebiT – mdinaris siganis 0.5-0.6 nawilSi.  

nax. 3 moyvanilia md. mtkvarze damabinZurebeli nivTierebis gadatanis procesi 87 
saaTis ganmavlobaSi. Cans rom damabinZurebeli nivTierebis laqis sigrZe mdinaris 
gaswvriv gadadgilebasTan erTad TandaTanobiT izrdeba da CaRvris dawyebidan 87 
sT-Tvis is daaxloebiT 100 km-zea gavrcelebuli.  erTdroulad mimdinareobsa 
damabinZurebeli nivTierebis ganzaveba da Sedegad maqsimaluri koncentracia 
sawyisi mniSvnelobidan 100 p.e. –dan mcirdeba 4 p. e. mde.  
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daskvna. gamoTvlebis Sedegebi aCveneben, rom ganxiluli modelebi Tvisebrivad 
sworad aRweren damabinZurebeli nivTierebebis gavrcelebas rTuli reliefis 
teritoriaze da mTiani regionis mdinareze.   rac Seexeba modelirebis raodenobriv 
sizustes amisaTvis saWiroa Catardes erToblivi eqsperimentaluri da Teoriuli 
gamokvleva. modelebis Seqmnisa da maTi saSualebiT Catarebuli samecniero 
kvlevebis mizans warmoadgens DdamuSavdes iseTi maTematikuri modelebi, romlebis 
saSualebiTac SesaZlebeli iqneba saqarTvelos calkeul regionebis atmosferuli 
haerisa da ZiriTadi mdinareebis dabinZurebis donis gansazRvra maTSi didi 
raodenobiT moxvedrili damabinZurebeli nivTierebebis gavrcelebis SemTxvevebSi. 
aseTi samuSaos Sesrulebis saSualebas iZleva hidrometeorologiis institutSi 
wlebis ganmavlobaSi Catarebuli kvlevebi [1-3]. samuSao iTvaliswinebs Sedegi 2 
saxis modelis Seqmnas:  

nax. 3 moyvanilia md. mtkvarze damabinZurebeli nivTierebis gadatanis procesi 87 
saaTis ganmavlobaSi. Cans rom damabinZurebeli nivTierebis laqis sigrZe mdinaris 
gaswvriv gadadgilebasTan erTad TandaTanobiT izrdeba da CaRvris dawyebidan 87 
sT-Tvis is daaxloebiT 100 km-zea gavrcelebuli.  erTdroulad mimdinareobsa 
damabinZurebeli nivTierebis ganzaveba da Sedegad maqsimaluri koncentracia 
sawyisi mniSvnelobidan 100 p.e. –dan mcirdeba 4 p. e. mde.  

 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
Nnax. 3. pasiuri damabinZurebeli nivTierebis gavrceleba 1-87 sT-is ganmalobaSi. 

 

daskvna. gamoTvlebis Sedegebi aCveneben, rom ganxiluli modelebi Tvisebrivad 
sworad aRweren damabinZurebeli nivTierebebis gavrcelebas rTuli reliefis 
teritoriaze da mTiani regionis mdinareze.   rac Seexeba modelirebis raodenobriv 
sizustes amisaTvis saWiroa Catardes erToblivi eqsperimentaluri da Teoriuli 
gamokvleva.  
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uak 551 
saqarTvelos atmosferoSi gafrqveuli da mdinareSi CaRvrili  damabinZurebeli 
nivTierebebis gavrcelebis  ricxviTi modelebis Seqmna/a.surmava, l. inwkirveli, 
n.gigauri/ saqarTvelos teqnikuri universitetis hidrometeorologiis institutis 
SromaTa krebuli, 2016, t.123, gv.4-9. qarT. rez. qarT., ingl., rus. 
 

atmosferos hidroTermodinamikis da uwyvet garemoSi substanciis gadatana-
difuziis arawrfivi arastacionaluri samganzomilebiani gantolebebis gamoyenebiT  
damuSavebulia saqarTvelos calkeul regionSi da mdinareSi garemos 
damabinZurebeli nivTierebis gavrcelebis maTematikuri modelebi. damuSavebulia 
ricxviTi integrirebis algoriTmebi cxadi da aracxadi sqemebis gamoyenebiT. 
Sedegenilia Tvlis programebi da Catarebulia Sesabamisi testuri gamoTvlebi. 
 

UDC 551 

Elaboration of the mathematical model of transfer and diffusion of a pollution substance emitted in the 

atmosphere and river/A. Surmava, L. Intskirveli., N.Gigauri/ Tansactions of the of Hydrometeorology of 

Georgian Technical University. 2016, vol123., pp.4-19, Geo., Summary, Geo., Eng., RusAbstract 

Using the nonstationary nonlinear equations of hydrothermodynamics of atmosphere and equation of transfer 

and diffusion of contaminant in continuous medium the mathematical models of distribution of pollution in the 

atmosphere and river are elaborated. The algorithms of numerical integration are constructed by using the 

implicit and explicit numerical schemes. The programs of integration are elaborated and the test calculations 

are made.   

 

УДК 551 

Разработка численных моделей распространения загрязняющего вещества, выброшенного в 

атмосферу и сброшенного в реку ./А.  Сурмава, Л. Инцкирвели, Н.Гигаури/ Сб. Трудов Института 

Гидрометеорологии Грузинского Технического университета. 2016, Т.123, с. 4-19, Груз. Рез. Груз., 

Англ., Рус 
С помощью нестационарных нелинейнных уравнений гидротермодинамики атмосферы и уравнения переноса-

диффузии субстанции  в сплошной среде разработаны математические модели распространения загрязняющего 

вещества в атмосфере отдельного региона и в реке. Разработаны алгоритмы численного интегрирования и 

соответствующие компьютерные программы. Проведены тестовые расчеты. 
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uak 551.583  
globalur daTbobasTan dakavSirebiT sxvadasxva tipis gvalvebis ganmeoradoba 

da maTi agrometeorologiuri prognozireba (dedofliswyaros magaliTze) 

melaZe g., melaZe m. 
saqarTvelos teqnikuri universitetis hidrometeorologiis instituti, Tbilisi, 

saqarTvelo meladze.agromet@gmail.com   meladzem@gmail.com 
 

dedamiwis miwispira haeris fenaSi globalur daTbobas ZiriTadad ganapirobebs 
anTropogenuri zemoqmedeba. amitom msoflios umravlesi qveynebis, maT Soris saqar-
Tvelos erToblivi SeTanxmebiT unda gatardes prevenciuli RonisZiebebi bunebrivi 
resursebis - navTobi, naxSiri, tyeebi da sxva, gonivrulad gamoyenebisaTvis. radgan 
isini wvis procesSi siTbos did raodenobasTan erTad gamoyofen naxSirorJanga 
gazs. es ukanaskneli atmosferoSi akavebs siTbos da miwispira haeris fenaSi iwvevs 
temperaturis matebas. aseve, mniSvnelovnad unda SeizRudos samrewvelo da 
satransporto emisiebi [1, 2]. aqedan gamomdinare, gamonabolqvebis SezRudvis gareSe 
2020-2030 wlebisaTvis naxSirorJanga gazi SeiZleba gaormagdes, rac gamoiwvevs 
temperaturis 2-3°C-iT momatebas [3]. globaluri daTbobis zemoqmedeba msoflio 
masStabiT, ukve aCvenebs temperaturis 0.6°C-iT matebas. 

saqarTvelos aRmosavleT nawilSi haeris temperatura momatebulia saSualod 
0.5°C-mde [4], rac gasaTvaliswinebelia, radgan 2030-2050 wlebisaTvis SeiZleba kidev 
moimatos 1-2°C-mde da araxelsayrel pirobebSi Caayenos qveynis mravali dargi, maT 
Soris soflis meurneoba. temperaturis mateba savegetacio periodSi mniSvnelovnad 
gazrdis agrokulturebis ganviTarebis aqtiur temperaturaTa jamebs, gaaxSirebs 
gvalvebs da sxva. aqedan gamomdinare, dedofliswyaros magaliTze, saqarTvelos 
garemos erovnuli saagentos meteorologiuri dakvirvebaTa monacemebis (1949-2008) 
mixedviT (dReRamuri haeris Tvis saSualo temperaturebi, atmosferuli naleqebi) 
gamoTvlili iqna yovelwliuri aqtiur temperaturaTa (>10°C) da atmosferuli 
naleqebis jamebi. mocemuli faqtorebidan aseve, ganisazRvra hidroTeruli 
koeficientebis (hTk) indeqsebi [5] da gamoisaxa maTi msvlelobis dinamika trendis 
mixedviT. temperaturis jami sawyis periodSi (1949) Seadgenda3208°C, xolo 2008 wlis 
bolos 3496°C. samocwlian periodSi namati yovel 10 welSi Seadgens 49°C, xolo 
atmosferuli naleqebis namati - 28 mm-mdea, yovel aT welSi 5 mm-mde. rac Seexeba 
hTk-s trendidan gamomdinare, xasiaTdeba klebis tendenciiT (naxazi 1), [6]. 

 

 
nax. 1 hTk-s msvlelobis dinamika (dedofliswyaro, 1949-2008) 

 
 savegetacio periodSi dedofliswyaros teritoriaze, agrokulturebi optima-
luri ganviTarebisaTvis, atmosferuli naleqebiT (445 mm) ar aris uzrunvelyofili. 
igi ufro mcirea (185 mm) mcenareTa aqtiuri vegetaciis periodSi (VI-VII-VIII), roca 
agrokulturebis formirebisa da samomavlod sanayofe kvirtebis Casaxva xdeba. mo-
cemul periodSi naleqebis simcirisa da aqtiur temperaturaTa jamis matebis Sede-
gad daikvirveba hidroTermuli koeficientebis indeqsebis klebis tendenciac, rac 
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mianiSnebs gvalvebis gaxSirebaze. aseT pirobebSi mosavlis SenarCunebisaTvis maqsi-
malurad unda iqnes gamoyenebuli irigaciis sarwyavi resursebi dedofliswyaros 
teritoriaze, gansakuTrebiT Siraqisa da eldaris velis pirobebSi. 
 globaluri daTbobidan gamomdinare, Cvens mizans warmoadgenda sxvadasxva 
tipis gvalvebis SemTxvevaTa ganmeoradobis gamovlena da maTi agrometeorologiuri 
prognozirebisaTvis safuZvlis Seqmna. 
 aRvniSnavT, rom vegetaciis periodis pirobebis SefasebisaTvis (humiduris da 
aridulis) gamoyenebulia agrometeorologia-agroklimatologiaSi miRebuli da 
aprobirebuli g.selianinovis hidroTermuli koeficienti. sadac, mosuli 
atmosferuli naleqebidan aorTqlebuli naleqebis wylis balansi pirobiTad 1.0-is 
tolia. romlis pirobebSi mcenareebi met-naklebad uzrunvelyofilia teniT 
(erTwliani kulturebi 10-12 dRis ganmavlobaSi, mravalwliani 18-20 dRemde). hTk-s 
wylis balansi Tu <1.0-ze naklebia, am SemTxvevaSi aRiniSneba tenis simcire anu 
migvaniSnebs gvalvaze, xolo >1.0-ze meti miuTiTebs tenis ramdenadme siWarbeze [7]. 
 aRniSnulTan dakavSirebiT, gansazRvrulia aqtiur temperaturaTa da 
atmosferuli naleqebis jamebidan hTk-s indeqsebi da gamovlenilia sxvadasxva tipis 
gvalvebis maxasiaTeblebi (cxrili 1). 
 

cxr. 1 dedofliswyaros teritoriaze sxvadasxva tipis gvalvebis maxasiaTeblebi 
hTk-is mixedviT, damokidebuli>10°C temperaturis da atmosferuli 

naleqebis jamebze (VI-VIII periodSi) 
susti 
<0.9-0.8 

saSualo 
<0.7-0.6 

Zlieri 
<0.5-0.4 

zeZlieri 
<0.3 

T°C P(mm) T°C P(mm) T°C P(mm) T°C P(mm) 
1961 1644 1975 122 2063 77 2130 48 

tenis aorTqlebis sxvadasxva balansi 
mcire tenis 

balansi 
>1.1-1.3 

saSualo tenis 
balansi 

>1.4-1.6 

zomieri tenis 
balansi 

>1.7-1.9 

Warbi tenis 
balansi 

>2.0 da meti 

T°C P(mm) T°C P(mm) T°C P(mm) T°C P(mm) 
1893 230 1869 269 1837 335 1801 389 

 
cxrilis mixedviT, mravalwliuri (1949-2008) 60 wliani dakvirvebebidan gamomdinare, 
SeiZleba Sefasdes dedofliswyaros teritoriaze sxvadasxva tipis gvalvianoba da 
tenis aorTqlebis balansi. cxrilis monacemebi, aseve iZleva maTi prognozis 
dazustebis saSualebasac. mocemul periodSi dafiqsirebulia sxvadasxva tipis 
gvalvebis 33 SemTxveva, rac 55%-mdea. aqedan 9 SemTxvevaa susti gvalvaa da Seadgens 
15%, saSualo gvalva 17 SemTxvevaa, rac Seadgens 28%, Zlieri gvalva 5 SemTxvevaa da 
Seadgens 8%, xolo zeZlieri 2 SemTxvevaa da Seadgens 3%. bolo 30 weliwadSi 
susti tipis gvalvam moiklo 3%-iT, saSualo gvalvam - 7%-iT, Tumca moimata Zlieri 
tipis gvalvam - 7%. 
 zemoaRniSnuli dasaxuli miznidan gamomdinare, Sedgenilia mocemuli tipis 
gvalvebis ganmeoradobis da tenis aorTqlebis balansis nomogramebi (naxazi 2).  

naxazis mixedviT, SeiZleba maTi ganmeoradobis gansazRvra, yovel aT da met 
welSi. gansazRvrisas saWiroa gvalvebis da tenis balansis saSualo sidideebis 
maCveneblebi. hTk-s indeqsis mixedviT igi Seadgens 0.6 da 1.5 (Sesabamisad). 
magaliTisaTvis, Tu gvainteresebs dedofliswyaros teritoriaze Zlieri tipis 
gvalvis ganmeoradoba, naxazi 2-ze gvalvebis saSualo maCvenebelsa (hTk 0.6) da 
Zlieri tipis gvalvas (hTk 0.4) Soris vigebT sxvaobas (rac Seadgens -0.2). am sidides 
naxazis abcisTa RerZidan marcxniv, sadac aRniSnulia -0.2 aRimarTeba swori xazi 
wyvetilSi mrudis gadakveTamde, romelsac am wertilSi Seesabameba naxazze 
aRniSnuli 20%. rac niSnavs, rom igi ganmeordeba 20%-iT anu 2-jer yovel aT welSi. 
analogiurad ganisazRvreba sxva tipis gvalvebi da tenis balansis ganmeoradoba. 
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>1.0 _____ 
<1.0 _ _ _ 

nax. 2 hTk-s (- - -) <1.0 sxvadasxva tipis gvalvebis da hTk (___) >1.0 sxvadasxva 
tenianobis balansis maCveneblebis ganmeoradoba 

 
 aRniSnuli wesiT gansazRvra saSualebas aZlevs agraruli seqtoris muSakebs 
da fermerebs miiRon informacia ama Tu im tipis gvalvis ganmeoradobis Sesaxeb 
yovel aT da met welSi da saWiroebis SemTxvevaSi gatardes gvalvis winaaRmdeg 
agroteqnikuri RonisZiebebi agrokulturebis Seuferxeblad ganviTarebisa da 
mosavlis SesanarCuneblad. 
 gvalvebis sxvadasxva tipis gansazRvris hTk-s indeqsebi ZiriTadad, damokidebu-
lia aqtiur temperaturaTa da atmosferuli naleqebis jamebze. rac ufro maRalia 
aqtiur temperaturaTa jami, miT ufro intensiurad mimdinareobs mosuli naleqebi-
dan aorTqleba da hTk-s indeqsic mcirdeba, ris gamoc mcenares mokle droSi eqmneba 
tenis deficiti da gvalvianobis SemTxvevebic gardaualia. aRniSnulTan dakavSire-
biT, ganisazRvra aqtiur temperaturaTa (>10°C) da atmosferuli naleqebis jamebis 
mixedviT hTk-s indeqsebi, romelic mocemulia naxazze 3, Sesabamisi gantolebiT:  

U=-0.00005T+0.0054P+0.0862 

gantolebaSi U - hTk-s indeqsia, T – aqtiuri temperaturis jami 10°C-is zeviT 
gadasvlis TariRidan 45 dRis gasvlis Semdeg (VI-VIII periodSi), P - atmosferuli 
naleqebis jami (mm) imave periodSi. 
 

 
nax. 3 hTk-s damokidebuleba aqtiuri temperaturis (>10°C) da atmosferuli  

naleqebis (mm) jamebze (VI-VIII periodSi) 
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naxazze naTlad Cans maTi damokidebuleba mocemul faqtorebze. amitom 
mizanSewonilia temperaturis jamis saprognozo meTodis SemuSaveba naSromSi [8] 
mocemuli meTodis analogiurad, romelic gamoyenebuli iqneba VI-VIII periodSi 
prognozirebisaTvis. aqedan gamomdinare, dedofliswyaros teritoriisaTvis 
agrometeorologiaSi miRebuli maTematikuri statistikis meTodis gamoyenebiT  
temperaturis 10°C-is zeviT dadgomis TariRsa da temperaturis jams Soris kavSiris 
damyarebis Sedegad, gamovlenili iqna korelaciuri damokidebuleba (r=0.80), 
romelic mocemulia naxazze 4 Sesabamisi regresiis gantolebiT: 

T=-18.57n+3359 

sadac, T - aqtiuri temperaturis jamia (temperaturis 10°C-is zeviT dadgomis 
TariRidan 45 dRis gasvlis Semdeg VI-VII-VIII periodSi), n - dReTa ricxvi 1 
Tebervlidan temperaturis 10°C-is zeviT dadgomis TariRamde. 
 

 
nax. 4 temperaturis 10°C-ze gadasvlis TariRebsa (n) da Tvenaxevris Semdeg am 

TariRebidan (VI-VIII periodSi) 10°C-is zeviT temperaturis jams Soris kavSiri 
 

prognozis Sedgenis wesi: dauSvaT dedofliswyaros teritoriaze 2016 wels 
saprognozo gantolebiT mosalodnelia temperaturis jami 1970°C. miRebuli progno-
zirebuli temperatura unda Sedardes cxrilSi 1 mocemul sxvadasxva tipis gvalve-
bis maxasiaTebel temperaturis jamTan. romelsac igi daemTxveva an sxvaoba 80°C-

mdea, is iqneba mimdinare wels mosalodneli tipis gvalva. Tu igi aRmoCnda saSua-
lo tipis gvalva, am ukanasknelis dazustebisaTvis gamoiyeneba prognozirebuli tem-
peraturis jami da mocemuli gvalvis tipis maxasiaTebeli atmosferuli naleqebis 
jami. maTi, rogorc prediqtorebis CasmiT hTk-s indeqsis gansazRvris gantolebaSi, 
miiReba mosalodneli saSualo tipis gavalvis maxasiaTebeli indeqsi 0.66, 
damrgvalebiT 0.7. rac zustad aCvenebs aRniSnuli tipis gvalvas. prognozi Sedgeba 
aprilis pirvel, iSviaTad maisis pirvel pentadaSi, misi winaswaroba or Tvemdea. 

sxvadasxva tipis gvalvebis agrometeorologiuri prognozireba mniSvnelovania 
soflis meurneobis muSakebisa da fermerebisaTvis, radgan informacia mosalodneli 
prognozis Sesaxeb xels Seuwyobs maT winaswar momzadebaSi gvalvebis dasaZlevad.   
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uak 551.583  
globalur daTbobasTan dakavSirebiT sxvadasxva tipis gvalvebis ganmeoradoba 

da maTi agrometeorologiuri prognozireba (dedofliswyaros magaliTze) 

/melaZe g.g., melaZe m.g./saqarTvelos teqnikuri universitetis hidrometeorologiis 
institutis SromaTa krebuli-2016.-t.123.-gv.10-14-qarT., rez. qarT., ingl., rus. 
 mravalwliuri meteorologiuri dakvirvebaTa monacemebis (1949-2008) mixedviT, 
dedofliswyaros teritoriisaTvis gamoTvlilia yovelwliuri aqtiur temperatura-
Ta (>10ºC) da atmosferuli naleqebis jamebi. gansazRvrulia hidroTermuli koefici-
entis (hTk) indeqsebi da gamosaxulia maTi msvlelobis dinamika. globaluri daTbo-
bidan gamomdinare, gamovlenilia sxvadasxva tipis gvalvebis SemTxvevaTa ganmeorad-
oba. Sedgenilia sakvlevi obieqtisaTvis damaxasiaTebeli tipis gvalvebis ganmeorad-
obis da tenis aorTqlebis balansis nomogramebi. aqtiur temperaturaTa (>10ºC) da 
atmosferuli naleqebis jamebis mixedviT mocemulia hTk-s gansazRvris gantoleba. 
temperaturis 10ºC-is zeviT dadgomis TariRsa da temperaturis jams Soris gamovle-
nilia korelaciuri damokidebuleba (r=0.80), ris safuZvelzec Sedgenilia regresiis 
gantoleba sxvadasxva tipis gvalvebis prognozirebisaTvis. 
 
UDC  551.583 
RECURRENCE OF DIFFERENT TYPES OF DROUGHTS IN CONNECTION TO GLOBAL 

WARMING AND THEIR AGRO-METEOROLOGICAL FORECAST (ON THE EXAMPLE OF 

DEDOPLISTSKARO) /Meladze G.G., Meladze  M.G./ Transactions of the Institute of Hydrometeorology, 

Georgian Technical University. -2016. –vol23.12. -pp.10-14. Georg., Summ. Georg., Eng., Russ. 

Based on the many-year meteorological observation data (1949-2008), the sums of annual active 

temperatures (>10ºC) and atmospheric precipitations have been calculated for the territory of Dedoplistskaro. 

The indexes of hydrothermal coefficient are calculated and the dynamics of their course is graphed. Following 

the global warming, the recurrence of different types of droughts is identified and the nomograms of the 

recurrence of the droughts typical to the study object and moisture evaporation are drafted. By using the sums 

of active temperatures (>10ºC) and atmospheric precipitations, the equation to calculate the hydrothermal 

coefficient is given. Correlation between the starting date of the temperature exceeding 10ºC and sum of the 

temperature is identified (r=0.80), and the regression equation to forecast the different types of droughts is 

designed on its basis.  

 

УДК 551.583 
ПОВТОРЯЕМОСТЬ РАЗЛИЧНЫХ ТИПОВ ЗАСУХ И ИХ АГРОМЕТЕОЛРОЛОГИЧЕСКОЕ 

ПРОГНОЗИРОВАНИЕ В СВЯЗИ С ГЛОБАЛЬНЫМ ПОТЕПЛЕНИЕМ (НА ПРИМЕРЕ 

ДЕДОПЛИСЦКАРО) /Меладзе Г.Г., Меладзе М.Г./Сб. Трудов Института Гидрометеорологии 

Грузинского  Технического Университета Грузии. -2016.- т.123, с.10-14. -Груз., Рез. Груз., Англ., Рус. 

По данным многолетних метеорологических наблюдений (1949-2008) для территории 

Дедоплисцкаро вычислены ежегодные суммы активных температур (>10ºC)  и атмосферных осадков. 

Определены индексы гидротермических коэффициентов и отображен ход динамики. Исходя из 

глобального потепления, выявлена повторяемость случаев  различных типов засух. Составлены 

номограммы повторяемости характерных типов засух и баланса испаряемости влажности для 

исследуемых объектов. По суммам активных температур (>10ºC)  и атмосферных осадков даны 

уравнения определения ГТК. Выявлены корреляционные зависимости (r=0.80) между датой 

установления температуры выше 10ºC и сумм температур, на основе чего составлены уравнения 

регрессии для прогнозирования различных типов засух. 
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uak 551.590.21. 
qarbuqi kaxeTSi 

r.samukaSvili,  j.vaCnaZe, c.diasamiZe 

saqarTvelos teqnikuri universitetis hidrometeorologiis instituti 
 

 qarbuqi warmoadgens saSiS  meteorologiur movlenas, igi xels uSlis ekon-
omikis mTeli rigi dargebis normalur funqcionirebas. magaliTad, rkinigzebze da 
avtomagistralebze qarbuqis Sedegad warmoqmnili namqerebis mier ferxdeba saxmele-
To transportis yvela saxeobis normaluri eqsploatacia. qarbuqi safreni zolebis 
dafarviT da horizontaluri xilvadobis gauaresebiT arRvevs aviaciis normaluri 
muSaobis grafiks. qarbuqs agreTve ziani moaqvs soflis meurneobis memcenareobis 
da mecxxoveleobis dargebisaTvis. rogorc cnobilia, Tovlis safari icavs saSemod-
gomo naTesebs gayinvisagan igi xels uwyobs, saSemodgomo xorblis fesvTa sistemis 
normalur ganviTarebas, zamTris periodSi mis mier sakvebi nivTierebis gadamuSave-

bas da aTvisebas. aregulirebs fesvebSi mimdinare bioqimiur procesebs, rac dade-
biT gavlenas axdens naTesebis mosavlianobaze. magram qarbuqis SemTxvevaSi adgili 
aqvs agreTve saSemodgomo xorbliT dakavebul teritoriaze Tovlis safaris norma-

luri ganawilebis rRvevis xSir SemTxvevaს Tovlis safarisagan Tavisufali (motit-
vlebuli) farTobebis gaCeniT, rasac Tan sdevs am kulturis gayinva-ganadgureba [1]. 
zamTris saZovrebze qarbuqis Sedegad Tovlis safaris gadanawilebis da namqerebis 
warmoqmnis procesi xels uSlis pirutyvis normalur gamozamTrebas. mTian da ma-
RalmTian raionebSi, sadac adgilis simaRlis matebisas aRiniSneba qarbuqian dReTa 
ricxvis mkveTri zrda (gansakuTrebiT mis Txemur nawilSi, sadac ZiriTadad ganla-
gebulia zvavebis kerebi), qarbuqis SemTxvevaSi xdeba Tovlis gadanawileba relief-
is elementebze da misi lokaluri akumulacia potencialurad zvavwarmomqmneli 
faqtoris-lavgardindebis (karnizebis) warmoqmniT, romlebic aZliereben raionis 

zvavsaSiშroebas. 
 im sinoptikuri procesebidan, romlebTanac dakavSirebulia qarbuqis 
movlenebi, mTavar rols TamaSoben ciklonebi. yvelaze Zlieri qarbuqebis warmoqmna 
dakavSirebulia Rrma ciklonebTan. mTian raionebSi qarbuqebis intensivobaze did 
gavlenas axdens adgilis absoluturi simaRle da reliefis Taviseburebebi, 
reliefis uaryofiTi elementebis gavleniT qarbuqis intensivoba ecema da piriqiT _ 
dadebiT elementebze (Txemebze) matulobs. garda reliefisa, qarbuqis intensivoba 
damokidebulia agreTve Tovlis fizikur Tvisebebze. kaxeTis teritoriaze qarbuqian 

dReTa saSualo  da maqsimaluri raodenoba nmax TveSi da weliwadis civ periodSi 

mocemulia cxril 1_Si, aqve mocemulia qaraxvetiani dReebis saSualo raodenoba 

TveSi  da weliwadis civ periodSi.  

cxrili 1. qarbuqian dReTa saSualo  da maqsimaluri nmax raodenoba, qaraxvetian 

dReTa saSualo raodenoba  (Справочник по климату СССР) [2] 

 
 
 
 
 
 
 
 
 
 
 
 
 

sadguri 
თ ვ ე 

weli 
X XI XII I II III IV 

TianeTi 
 

0.03 0.2 0.3 0.1 1 0.9 0.2 3 

nmax 1 2 2 8 6 3 2 12 

 

  0.03 0.2 0.3 0.03  0.6 

zegani 
 

  1   1  2 

nmax   1   1  2 

 

     0.05  0.05 

sagarejo 
 

 0.07 0.1 0.2 0.4 0.2 0.03 1 

nmax  2 2 2 2 2 1 7 

 

   0.03    0.03 
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rogorc cxril 1-dan Cans, qaraxvetian dReTa saSualo raodenoba weliwadSi 
sakvlev teritoriaze icvleba 1-3-is farglebSi, qarbuqian dReTa maqsimaluri 
raodenoba sagarejoSi Seadgens 7-s, zeganze 2-s, TianeTSi 12-s. qraraxvetian dReTa 
ricxvi ki meryeobs 0.02 (sagarejo) -0.6 (TianeTi)-is sazRvrebSi. 
 qarbuqis saSualo xangrZlivoba TveSi da weliwadSi agreTve qarbuqis 
saSualo xangrZlivoba qarbuqian dReTa mravalwliuri monacemebiT mocemulia 
cxril 2-Si. 

 
cxrili 2.  qarbuqis saSualo xangrZlivoba (sT) da qarbuqis saSualo xangrZlivoba 

qarbuqian dReTa (sT) (Справочник по климату СССР) [2] 

sadguri 
T v e 

weli 
t 
(sT) X XI XII I II III IV 

TianeTi 0.04 1.6 1.6 9.1 8.5 4.4 1.5 26.7 8.9 
sagarejo  0.1 0.04 1.4 1.1 0.4 0.2 3.2 3.2 

 
cxrili 3. qarbuqis xangrZlivoba dReRamis sxvadasxva dros (sT)  

sadguri 
t 
(sT) 

T v e 
weli 

X XI XII I II III IV 

TianeTi 

18-24 0.03 0.09 0.3 2.4 2.4 1.1 0.6 6.5 
24-6 0.01 0.1 0.2 2.3 1.8 0.8 0.5 5.7 
6-12  0.6 0.6 1.7 1.7 0.9  5.5 
12-18  0.8 0.5 2.7 2.6 1.6 0.4 8.6 

sagarejo 

18-24  0.04 0.04 0.5 0.2 0.2 0.1 1.1 
24-6  0.05  0.3 0.2 0.01 0.1 0.7 
6-12    0.2 0.3 0.1  0.6 
12-18  0.03  0.4 0.4 0.1  0.9 

  
qarbuqis maqsimaluri xangrZlivoba TianeTSi da sagarejoSi aRiniSneba 

ianvarSi: Sesabamisad 9.1 da 1.4 saaTs, minimaluri_noemberSi da aprilSi (0.1-0.2sT) 
sagarejoSi da 1.6-1.5sT TianeTSi. 
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dadgenilia qarbuqis ZiriTadi Taviseburebebi. 

UDC551.590.21. 

Snowstorm in Kakheti. /R.Samukashvili, J.Vachnadze, Ts.Diasamidze/Transactions of the Institute 

Hydrometeorology et the  Georgian Technical University. 2016, vol. 123, pp.15-16, Georg., Summ: Georg., 

Eng., Rus. 

Established the basic features of a snowstorm. 
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Установлены основные черты метели.   
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uak 551 

k.TavarTqilaZe 

havis cvlilebis gavlenis Sefaseba atmosferuli naleqebis reJimze 

ivane javaxiSvilis saxelobis  Tbilisis saxelmwifo universitetis geografiis 
instituti 

 
wyalbrunvis procesi atmosferoSi uSualodaa damokidebuli qvefenili zedapi-

risa da atmosferos energetikuli sistemis mdgomareobaze. am sistemis mdgradi wo-
nasworobis pirobebSi wyalbrunvis reJimi mcire ryevebs ganicdis, magram es ryevebi 
SemTxveviTia da reJimis stabiluri mdgomareobis cvlilebas ver gamoiwvevs. wyal-
brunvis reJimis Secvla mze-atmosfero-dedamiwis energetikuli sistemis wonasworo-
bis rRvevam SeiZleba gamoiwvios. Tu wonasworoba aramdgradia maSin igi wyalbrun-
vis erT-erTi Semadgeneli procesis – atmosferuli naleqebis reJimze aucileblad 
unda aisaxos. 

saukuneze metia dedamiwis hava cvlilebas ganicdis. zogierT regionebSi miuxed-
avad acivebisa, dedamiwis sruli energetikuli potencialis zrdis Sedegad globa-
luri hava daTbobis procesSia. mravalricxovani gamokvlevebia Catarebuli imis da-
sadgenaT Tu rogor zemoqmedebas axdens globaluri havis daTboba wyalbrunvis 
procesze, kerZod ganicdis Tu ara atmosferuli naleqebis reJimi cvlilebas, rogo-
ria am cvlilebis saxe. calsaxa pasuxi am kiTxvaze dReisTvis TiTqmis SeuZlebelia. 
zogadi Teoriuli mosazreba gvkarnaxobs, rom Tu dedamiwiseuli wylis maragi 
cvlilebas ar ganicdis, temperaturis zrdiT wyalbrunvis procesis daCqarebaa mo-
salodneli. aman ki atmosferodan mosuli naleqebis raodenobis zrda unda gamoiw-
vios. es mxolod Teoriuli mosazrebaa da igi empiriulma monacemebma unda daadas-
turos. arsebuli literaturuli wyaroebidan aseTi daskvnis sruli damajereblo-
biT gakeTeba sadReisod TiTqmis SeuZlebelia. 

Seajama ra ruseTis teritoriaze havis cvlilebis procesi eqspertTa samTavro-
bo jgufma (Бодрицкий Г.С. 2008), 1937-2008 wlebSi atmosferodan mosuli naleqebis ra-
odenobis cvlilebis Sesaxeb mivida daskvnamde, rom ruseTis mTel teritoriaze na-
leqebis saSualo yovelwliurma zrdam 0.72 mm/weli Seadgina. rac Seexeba intensivur 
naleqebs, adgili aqvs maTi ganmeoradobis umniSvnelo zrdas da mSrali periodis 
aseve umniSvnelo Semcirebas. magram, iqvea aRniSnuli, rom regionaluri cvlilebis 
maCveneblebi Zalian didad gansxvavdebian rogorc zrdis aseve klebis mimarTule-
biT. amasTan erTad, naleqebis empiriuli monacemebi, rTuli fizikuri bunebis da in-
strumentuli dakvirvebebis araerTgvarovnebis gamo naklebad saimedoni arian. 

TiTqmis msgavsi suraTia msoflio masStabiTac (Жаро М. и Штайнер А. 2013). havis 
cvlilebis saerTaSoriso komisiam Sefasebis dasawyisSivea aRniSna, rom xmeleTis 
yvela regionSi atmosferodan mosuli naleqebis saSualo raodenobis cvlileba 
1901-2010 wlebSi saimedoobis dabali xarisxiT xasiaTdeba, gansakuTrebiT pirvel pe-
riodSi 1950 wlamde. SedarebiT saimedod SeiZleba miviCnioT naleqebis umniSvnelo 
zrda CrdiloeT naxevarsferos saSualo danedebSi da es antropogenuri zemoqmede-
bis Sedegia. globaluri masStabiT naleqebis cvlilebis daxasiaTeba TiTqmis SeuZ-
lebelia, radgan 70 % globaluri wyalbrunvisa okeaneebis zedapirebze mimdinare-
obs da maTze instrumentuli monacemebi TiTqmis ar arsebobs. 

aRsaniSnavia erTi garemoebac – mzis aqtivobis ciklurma cvlilebam atmosferu-
li procesebis da maT Soris naleqebis cikluri cvlilebac SeiZleba gamoiwvios. 
literaturul wyaroebSi arseboben mtkicebulebani atmosferuli parametrebis, gan-
sakuTrebiT temperaturis cikluri cvlilebis Sesaxeb. aseTi gamokvlevebi ufro iS-
viaTad naleqebisTvisacaa Catarebuli, romlebSiac miTiTebulia naleqebis cikluri 
cvlilebis arseboba Tormetwliani periodiT (Суковатов К. Ю. и др., 2015; Безуглова Н 
Н., . и др., 2012; da sxv.) magram faqtia, rom naleqebis variaciebSi cikluri cvlile-
bebi romc arsebobdes, Tanamedrove globalur daTbobasTan naleqebis 12-wlian cik-
lur cvlilebas  raime kavSiri ar unda hqondes. 

globaluri wyalbrunvis procesze havis cvlilebis gavlenis Sefaseba im regi-
onaluri gamokvlevaTa gaanalizebis Sedegia, romlebic TiTqmis msoflios yvela 
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kuTxeSi, maT Soris saqarTvelos da mis garSemo teritoriebzea Catarebuli. am ga-
mokvlevaTa Seusabamoba migvaniSnebs miRebuli Sedegebis nakleb saimedoobaze. ase 
magaliTad, meoce saukunis meore naxevarSi ruseTis dasavleT da ukidures aRmosav-
leT teritoriebze naleqebis zrdas hqonda adgili, xolo maT Soris igive period-
Si, dasavleT cimbiri naleqebis SemcirebiT xasiaTdeboda (Груза Г.В. и др., 2007). am 
dros anu igive periodSi, saqarTvelos teritoriis mezoblad, CrdiloeT kavkasiis 
SedarebiT mcire teritoriaze, naleqebis cvlilebas sruliad gansxvavebuli saxe 
hqonda. kerZod, naleqebis cvlileba rogorc zrdis ise Semcirebis mimarTulebiT 
teritoriisa da sezonebis mixedviT farTo diapazonSi xdeboda. avtoris daskvniT 
mTeli periodisa da mTliani teritoriisTvis mosulma naleqebis raodenobam umniS-
vnelo zrda ganicada (Деркач Д.В.. 2007). 

TiTqmis ar gansxvavdeba zemoT aRniSnulisagan da msgavs suraTs iZleva is li-
teraturuli wyaroebi, romlebSic globaluri havis cvlilebis fonze, Seswavlili 
da gadmocemulia saqarTvelos teritoriaze atmosferuli naleqebis reJimuli 
struqturis cvlilebebi (elizbaraSvili e. da sxv. 1997; elizbarasvili e. da sxv., 
2001; comaia v. da sxv., 2002; TavarTqilaZe k., 2002; Бегалишвили Н.А.  и др. 2007; Tavar-
TqilaZe k. da sxv., 2010; TavarTqilaZe k. da sxv., 2014 da sxv.). am SromebSi miRebuli 
daskvnebis mixedviT calsaxad SeiZleba dadgindes, rom atmosferodan mosuli nale-
qebis raodenoba udaod ganicdida cvlilebebs magram, imis dadgena Tu ra kanonzo-
mierebiT xdeboda es cvlilebebi regionaluri havis cvlilebis pirobebSi, TiTqmis 
SeuZlebelia. 

garkveuli kanonzomierebis dadgena mxolod eqstremalurad uxvi naleqebis re-
Jimuli struqturis cvlilebis Seswavlisas gaxda SesaZlebeli.  

swavlobdnen ra kavSirs atmosferos cirkuliacias, qvefenili zedapiris tempe-
raturas da atmosferul naleqebs Soris CrdiloeT naxevarsferoSi (Мравьев А.В. и 
др. 2011), avtorebi mividnen im daskvnamde, rom mTel rig msxvil regionebSi cirkula-
ciis da zedapiris temperaturuli anomaliis kavSiri naleqebis ukiduress gradaci-
asTan statistikurad damajerebelia rogorc zafxulis aseve zamTris sezonebis mi-
xedviT.  

eqstremalurad mcire da didi mniSvnelobebis. naleqebis dRe-Ramuri jamebis kav-
Siri dadgenilia agreTve minimalur da maqsimalur temperaturebTan (Киктёв Д..В., и 
др., 2009). aRsaniSnavia, rom aRniSnul naSromSi eqstremaluri naleqebi gamoyofilia 
ara konkretuli diapazonis gareT moxvedrili naleqebis raodenobaTa jamebis mi-
xedviT, aramed naleqebis ganawilebis albaTobis funqciidan 0-Tan da 1-Tan axlosm-
debare SemTxveebis gamoyofiT.  

eqstremalurad uxvi naleqebis SemTxvevaSi kanonzomiereba napovnia agreTve Savi 
zRvis aRmosavleT sanapiro zolSi (Бегалишвили  Н.А. и др. 2013), igi aqac miRebulia 
naleqebis albaTobis simkvrivis ganawilebis funqciis agebiT.  

naleqebis reJimze havis ganmsazRvreli ZiriTadi parametris – miwispira tempera-
turuli velis cvlilebis gavlenis Sesafaseblad, rac winamdebare naSromis mizans 
Seadgens, SevarCieT dakvirvebis mxolod erTi punqti (baTumi), romelic intensiuri 
naleqianobiTaa gamorCeuli, xolo temperaturuli velis cvlilebis mixedviT aqvs 
rogorc acivebis aseve daTbobis periodi.  

dasaxuli amocanis gadaWris konkretuli gza ase ganisazRvra – jer unda dad-
gindes acivebisa da daTbobis gamokveTili periodebi, xolo Semdeg, gamoyofil pe-
riodebSi damoukideblad Seswavlili iqnas naleqianobis sruli reJimuli struqtu-
ris Taviseburebebi (Tu ras gulisxmobs sruli reJimuli struqtura es ganmartebu-
lia qvemoT). 

naleqebis empiriuli monacemebi, romlebic gamoyenebulia am naSromSi, warmoad-
genen naleqebis yoveldRiur jamebs 1940-2010 wlebSi. rogorc cnobilia atmosferu-
li parametrebis gansazRvris meTodebidan yvelaze didi cvlileba naleqebis gazom-
vis meTodma ganicada. amas emateba is uzustobani, romlebsac dakvirvebis punqtis 
adgilis gamocvla da sxvadasxva mizezebiT gamotovebuli dakvirvrbaTa aRdgenis 
Sedegad Cndeba. amitom, gansakuTrebuli mniSvneloba eniWeba empiriuli monacemebis 
obieqtur analizs. am naSromSi gamoyenebuli empiriuli monacemebi rogorc naleqe-
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bis, aseve temperaturisTvis ZiriTada aRebulia Sromebidan (TavarTqilaZe k., 2002; 
Tavartkiladze K. et al, 2012). aRniSnul naSromebSi detaluradaa aRwerili is pro-
cedurebi, romlebic obieqturi analizisTvis Catarda, amitom winamdebare naSromSi 
maTze ar SevCerdebiT. 

sakmaod rTulia naleqebis reJimuli struqturis srulyofilad daxasiaTeba. am-
is mizezia is, rom naleqianobas erTmaneTisagan TiTqmis damoukidebeli ramodenime 
parametri gansazRvravs. naleqebis reJimis cvlilebis dasadgenad aucilebelia havis 
cvlilebis gavlenis gansazRvra naleqianobis maxasiaTebel yvela parametrze. winam-
debare naSromSi ganxilulia Semdegi parametri: naleqebis wliuri jami (q); naleqe-
bis wliuri jamis gadaxra dinamiuri normidan anu anomalia (qa); naleqebis SemTxve-
vaTa ricxvi (qn); naleqiani dReebis mixedviT gansazRvruli saSualo dRiuri naleqi 
(qd); naleqebis saSualo xangrZlivoba (qx); erT dReSi mosuli maqsimaluri naleqi 
(qm); maqsimaluri xangrZlivobis naleqis dReebis raodenoba (qs); maqsimaluri xan-
grZlivobis naleqis raodenoba (qq); dinamiur normaze meti naleqebis normirebuli 
jami (q>1);  dinamiur normaze naklebi naleqebis normirebuli jami (q<1). aRniSnuli 
parametrebi Tu damoukideblad axasiaTeben naleqianobis ama Tu im process, maSin 
maT Soris korelaciuri kavSiri dabali unda iyos. winaaRmdeg SemTxvevaSi isini na-
leqebis reJimis dasaxasiaTeblad axal informacis ver mogvcemen. amis Sesamowmeb-
lad empiriuli monacemebidan ganvsazRvreT aRniSnuli parametrebis saSualo wliu-
ri mniSvnelobebi da avageT avtokorelaciuri matrica. normirebuli saxiT igi mo-
cemulia cxrilSi 1. 
               

 cxrili 1.naleqebis reJimis ganmsazRvreli parametrebis avtokorelaciuri matrica 

 
q qa qd qx qm qs qq q>1 q<1 qn 

q 1 0.99 0.66 0.48 0.38 0.39 0.45 0.41 0.40 0.00 

qa 
 

1 0.70 0.42 0.39 0.36 0.41 0.41 0.41 0/12 

qd 
  

1 0.07 0.43 0.13 0.09 0.29 0.25 -0.10 

qx 
   

1 0.05 0.60 0.46 0.26 0.19 -0.49 

qm 
    

1 0.20 0.33 0.17 -0.10 0.03 

qs 
     

1 0.58 0.25 -0.25 -0.29 

qq 
      

1 0.13 -0.02 -0.22 

q>1 
       

1 0.22 -0.04 

q<1 
        

1 0.09 

qn          1 
 

rogorc cxrilidan Cans wlis ganmavlobaSi mosuli naleqebis raodenobis vari-
aciebsa da anomaliebis variaciebs Soris gansxvaveba ar ris. amis gamoa, rom naleqe-
bis droSi cvlilebebis dasadgenad umetesi samecniero kvlevebi Catarebulia ara 
naleqebis wliuri jamebis gamoyenebiT, aramed maTi amonaliebis variaciebis mixed-
viT. magram unda aRiniSnos, rom es SesaZlebelia mxolod cvlilebis Seswavlisas. 
sxva SemTxvevaSi isini gansxvavebul informaciebs iZlevian, rasac adasturebs maTi 
gansxvavebuli korelaciis koeficientebi danarCen parametrebTan. 

SedarebiT maRali korelaciuri kavSiri naleqiani dReebis mixedviT gansazRvrul 
dRis (dReRamis) jamebs aqvs naleqebis wliur jamTan da anomaliebTan. kavSiri da-
narCen parametrebs Soris dabalia, an saerTod ar arsebobs, rac imis maCvenebelia, 
rom naleqebis reJimuli struqturis cvlilebis Seswavlisas isini damoukidebel 
informaciebs gvawvdian.  

amrigad, havis cvlilebis gavlenis Sesafaseblad naleqebis reJimul struqtura-
ze saWiroa dadgindes CamoTvlili naleqianobis ganmsazRvreli parametrebis formi-
rebis Taviseburebani daTbobisa da acivebis SemTxvevaSi. 

temperaturuli reJimi. baTumis miwispiruli temperaturis saSualo wliuri mniS-
vnelobebi 1940-2010 wlebSi warmodgenilia nax.1-ze.  

mTeli periodis temperaturuli velis cvlilebas dinamiuri norma axasiaTebs. igi 
warmosdgens mocemul wertilebze gamaval optimalur wrfes anu erTaderT wrfes, 

romlisTvisac faqtiuri mniSvnelobebis gadaxraTa kvadratebis jami minimaluria. 

naxazze igi wyvetili xaziTaa mocemuli, da misi  gamosaxulebaa: 

                             t = 5.58 + 0.006 ,             (1) 
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sadac t  aris  wlis temperaturis norma baTumisaTvis anu dinamiuri norma, romelic 

axasiaTebs baTumis temperaturul reJims mxolod 1940-dan 2010 wlamde. e.i.  τ Rebulobs 

mniSvnelobebs 1940-dan 2010-mde. amrigad, mocemul periodSi temperatura ganicdis 

zrdas intensiurobiT 0.006 c/weli. 
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   nax.1. saSualo wliuri temperaturis mniSvnelobebi baTumSi 1940-2010      wlebSi, 

maTi aproqsimacia me-5-e rigis polinomiT (mrudi) da dinamiuri normebi (wyvetili 

xazi) mTeli periodisTvis (a) da susti acivebisa (1940-1990 ww) da Zlieri daTbobis 

(1991-2010 ww) periodebisTvis (b).  
 

 aRsaniSnavia, rom 1906-1995 wlebSi baTumSi temperaturuli velis Semcirebas hqonda 

adgili (TavarTqilaZe k. da sxv., 1999). Semcirebis saSualo wliuri intensiuroba iyo -

0.001 c/weli. raki 1940-2010 wlebis dinamiuri norma daTbobas gansazRvravs faqtia, rom 
ganxilul periodSi moxda gardatexa da temperaturuli velis cvlileba acivebidan 

daTbobis procesiT Seicvala. gardatexis welis miaxlovebiTi gansazRvrisTvis saWiroa 
ganxilul periodSi Catardes temperaturuli velis cvlilebis arawrfivi aproqsima-
cia. am ukanasknelis arsi mdgomareobs imaSi, rom unda SeirCes n-uri rigis polinomi, ro-
melic yvelaze naklebi standartuli cdomilebebiT asaxavs temperaturis faqtiur vari-
aciebs (Мазмишвили А.И., 1968). ganxilul SemTxvevaSi minimaluri standartuli gadaxra 
faqtiuri mniSvnelobebidan me-5-e rigis polinoms aRmoaCnda. ganisazRvra ra Sesabamisi 

empiriuli koeficientebi, temperaturis cvlilebis amsaxveli optimaluri polinomi da-
tanilia nax.1a-ze. agebuli mrudi gviCvenebs, rom ganxiluli periodis dasawyisidan daax-
loebiT 1990 wlamde adgili aqvs temperaturuli velis susti acivebis process, xolo 

Semdeg xdeba SedarebiT Zlieri daTboba. es sakmaod axlosaa globaluri temperaturu-
li velis dReisTvis aRiarebul cvlilebasTan (Бодрицкий Г.С. 2008). 

amrigad, temperaturuli velis cvlilebis procesi baTumSi ase SeiZleba dav-
xasiaTod – 1940-1990 wlebSi adgili hqonda sust acivebas, xolo Semdgom periodSi, 1991-

2010 wlebSi, mimdinareobda daTboba. daveyrdeniT ra am daskvnas, ganxiluli drois 

mTeli monakveTi davyaviT or periodad, susti acivebis periodi anu 1940-1990 wlebi da 

daTbobis periodi anu 1991-2010 wlebi. TiToeuli periodisTvis damoukideblad 

ganisazRvra dinamiuri normebi: 
susti acivebis periodisTvis  
                  t  = 23.1 - 0.004 τ,  (2) 

sadac   τ  icvleba 1940-dan 1990-mde, da Zlieri daTbobis periodisTvis 
                  t  = -154.7 + 0.085 τ,  (3) 

sadac τ  icvleba 1991-dan 2010-mde. 

amrigad, (2) da (3) formulebi gviCvenebs pirvel periodSi acivebas intensiurobiT -

0.004 c/weli., xolo meore periodSi daTbobas intensiurobiT 0.085 c/weli.  
orive periodisTvis damoukideblad agebuli dinamiuri normebis ganmsazRvreli 

wrfeebi datanilia nax.1b-ze. rogorc naxazidan Cans, acivebisa da daTbobis periodebad 
dayofis Semdeg, mTeli periodis dinamiuri normis cvlilebis warmosgenis Tvalsazri-
siT adgili aqvs  garkveuli Seusabamobas, 1990 wlisa da 1991 wlisTvis (2) da (3) formule-
biT gansazRvruli dinamiuri normebi sakmaod gansxvavdebian erTmaneTisagan. es gamowve-
ulia imis gamo, rom gardatexis periodi unda daxasiaTdes ara cvalebadi, aramed ucvle-
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li normiT. e.i. gardatexis mokle periodi calke unda gamoyofiliyo, romelsac aRniSnu-
li normebis SemaerTebeli, mudmivi norma daaxasiaTebda. am SemTxvevaSi Seusabamobas ad-
gili aRar eqneboda. magram winamdebare naSromis konkretulad, dasmuli amocanis gadaW-
ris procesSi es  gacilebiT met cdomilebas mogvcemda. saqme imaSia, rom gardamavali pe-
riodis statistikuri daxasiaTeba SeuZlebeli iqneboda, xolo acivebisa da daTbobisa 
periodebisTvis SemTxvevaTa ricxvi Semcirdeboda. 

amrigad, drois mTeli monakveTi temperaturuli velis cvlilebis mixedviT daiyo 

or nawilad – susti acivebisa da daTbobis periodebad da TiToeulisTvis 
damoukideblad ganisazRvra atmosferuli naleqebis damaxasiaTebeli parametrebis 

reJimuli struqtura. 

naleqebis wliuri jami. atmosferodan mosuli naleqebis wliuri jamebis 

mniSvnelobebi 1940-2010 wlebSi mocemulia nax.2-ze. mTeli periodisTvis maTi reJimuli 
mdgomareobisa da cvlilebis Sesafaseblad agebulia dinamiuri normis ganmsazRvreli 
wrfe, romelic datanilia nax.2a-ze da misi analizuri saxea:   

 q = 7792.5 – 2.62 τ.                           (4) 

rogorc temperaturis SemTxvevaSi, aqac mTeli periodisaTvis τ  icvleba 1940-dan 

2010-mde. e.i. 71 wlis manZilze naleqebis wliuri jami Semcirda 186 mm-iT. Tu 

gaviTvaliswinebT, rom am periodSi naleqebis saSualo mniSvneloba 2620 mm iyo, 
Semcireba Seadgens 7.1 %-s. 
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nax.2. naleqebis wliuri jamis mniSvnelobebi baTumSi 1940-2010 wlebSi, maTi 

aproqsimacia me-5-e rigis polinomiT (mrudi) da dinamiuri normebi (wyvetili xazi) mTeli 

periodisTvis (a) da acivebisa da daTbobis periodebisTvis (b).  
 

mTeli periodis SigniT, drois mcire monakveTebSi, naleqianobis mokleperiodiani 

cvlilebis dasadgenad mocemul wertilebze gavatareT me-5-e rigis polinomiT 
aproqsimirebuli mrudi. igi datanilia nax.2a-ze da gviCvenebs, rom cvlilebebs 
Semcirebis mimarTulebiT adgili hqonda ganxiluli periodis sawyiss da bolo 

monakveTebSi, xolo centralur nawilSi, daaxloebiT 1950-1985 wlebSi cvlilebas 
TiTqmis ar ganicdida. 

rogorc zemod ukve aRniSnuli iyo, temperaturuli velis cvlilebidan gamomdinare, 

mTeli periodi davyaviT daTbobisa da acivebis monakveTebad. aRniSnuli monakveTebisaT-
vis erTmaneTisagan damoukideblad ganvsazRvreT dinamiuri normebi da isini mocemulia 

nax.2b-ze, xolo maTi analizuri gamosaxulebebi Semdebi saxisaa: 
susti acivebis periodisTvis  
                  q  = 3783.4 – 0.57  τ,  (5) 

sadac   τ  icvleba 1940-dan 1990-mde, da Zlieri daTbobis periodisTvis 
                  q  = 22983.7 - 10.22  τ,  (6) 

sadac τ  icvleba 1991-dan 2010-mde. e.i. susti acivebis dros anu 51 wlis manZilze 

naleqebis jami Semcirda 27 mm-iT, rac am periodis naleqebis wliuri jamebis saSualo 
mniSvnelobis (2656 mm) daaxloebiT 1 %-s Seadgens. xolo daTbobis dros anu 20 wlis 

manZilsze naleqebi Semcirda 102 mm-iT, rac am periodis naleqebis saSualo wliuri jamis 

(2528 mm) daaxloebiT 4 %-ia. 
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miRebuli Sedegebis mixedviT naleqebis wliuri jamebis cvlilebis  realuri 

kavSiris dadgena temperaturuli velis cvlilebasTan naklebad dasajerebelia. magram, 

eWvgareSea, rom aseTi kavSiri umda arsebobdes. mosalodnelia, rom didi inerciulobis 
gamo misi gamovlena SesaZlebeli gaxdes gacilebiT didi periodis ganxilviT vidre 71 

welia. rac Seexeba drois SedarebiT mokle periodsTvis (magaliTad 100 weli) 
temperaturuli velisa da naleqebis cvlilebas Soris kavSiris dadgena TiTqmis 

SeuZlebelia.      
acivebisa da daTbobis pirobebSi atmosferuli naleqebis Sidawliuri ganawilebis 

cvlilebis Sesafaseblad gansazRvrulia naleqebis Tviuri jamebis ganawileba da isini, 
Sesabamisi standartuli gadaxrebiT mocemulia nax.3a da nax.3b-ze.   
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nax.3. naleqebis Sidawliuri ganawileba (uwyveti mrudi) da Sesabamisi standartuli 
gadaxrebi (wyvetili) baTumSi 1940-1990 wleebis (a) da 1991-2010 wlebis (b) mixedviT. 
 

rogorc naxazidan Cans isini mcired gansxvavdebian erTmaneTisagan. SedarebiT 
mniSvnelovani gansxvavebaa ivlissa da gansakuTrebiT agvistoSi, sadac daTbobis 

periodSi xdeba naleqebis Tviuri jamebis mniSvnelovani Semcireba. es faqti kidev 
erTxel adasturebs mTliani periodisTvis damaxasiaTebel suraTs – ganxilul 

regionSi temperaturis zrda iwvevs mosuli naleqebis raodenobis Semcirebas. 

imis dasadgenad Tu aRniSnul cvlilebas rogori kategoriis naleqebi (mcire Tu uxvi) 

ganapirobebs, agebuli iqna sxvadasxva raodenobis naleqebis mosvlis albaTobis 

ganawilebis funqcia acivebisa da daTbobis periodisTvis. isini warmodgenilia nax.4-ze. 
naleqebis mosvlis albaTobebi gansazRvrulia 0-dan 700 mm-mde, 50 mm-iani diapazonebis 

mixedviT. miRebuli ganawilebis funqciebidan normalur ganawilebasTan SedarebiT 

axlosaa acivebis periodis ganawilebis funqcia. 
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nax.4. sxvadasxva raodenobis naleqebis mosvlis albaTobebi acivebis (a) da    daTbobis (b) 

pirobebSi 
rogorc naxazidan Cans ZiriTad gansxvavebas mosuli naleqebis raodenobebis 

mixedviT mcire naleqebis SemTxvevaSi aqvs adgili. magaliTad, Tu susti acivebis 
periodSi mosuli naleqebi raodenobiT 51-dan 150 mm-mde mTel diapazonSi mosuli 
raodenobis mesamedsac ar Seadgens, daTbobis SemTxvevaSi igive diapazonSi mosuli 
naleqebis raodenoba TiTqmis mTeli raodenobis naxevaria. igive procesi ufro 
mkveTradaa gamosaxuli uxvi naleqebis (350 mm-ze meti) SemTxvevebi. daTbobis 
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periodSi aRniSnul diapazonSi mosuli naleqebi mniSvnelovnad sWarbobs acivebis 
periodis naleqebs. 

amrigad, miRebuli Sedegebis mixedviT kavSiri naleqebis raodenobasa da 
temperaturul vels Soris ase SeiZleba CamovayaliboT: temperaturis zrdis 
(daTbobis) Sedegad wlis ganmavlobaSi mosuli naleqebis jami mcirdeba. magram, 
saerTo Semcirebis fonze mniSvnelovan zrdas ganicdis mcire da uxvi naleqebis 
SemTxvevebi. 

aRsaniSnavia erTi garemoebac, miRebul Sedegze garkveul gavlenas SeiZleba 
axdendes daTbobis periodis SemTxvevaTa ricxvis simcirec (21 weli 50 welTan 
SedarebiT). albaT aq marTebuli iqneba daskvna Semdegi saxiT CamovayaliboT - 
temperaturuli velis cvlilebasTan (acivebaTan an daTbobasTan) naleqebis wliuri 
jamebis cvlilebis empiriuli kavSiris dasadgenad samocdaaTwliani periodi 
sakmadisi ar aris, saWiroa gacilebiT meti; 

SedarebiT damajerebeli daskvnis gamotana SeiZleba naleqebis Sidawliuri 
ganawilebis cvlilebis SemTxvevaSi - naleqebis raodenobis Sidawliuri ganawileba 
acivebidan daTbobaSi gadasvlisas gansxvavebas iZleva yvelaze cxel periodSii 
ivlissa da agvistoSi. kerZod, Semcirebas ganicdis saSualo raodenobis, 150-dan 350 
mm-mde mosuli naleqebis SemTxvevaTa ricxvi, xolo am diapazons gareT naleqebis 
SemTxvevaTa ricxvi piriqiT, izrdeba.   

naleqebis SemTxvevaTa ricxvi, saSualo dRiuri naleqi, saSualo xangrZlivoba. 
naleqianobis reJimuli struqturis mniSvnelovani, damoukidebeli parametrebia 
naleqebis mosvlis SemTxvevaTa ricxvi, mxolod naleqiani dReebis mixedviT 
gansazRvruli erTi dRis saSualo naleqebis raodenoba da naleqebis saSualo 
xangrZlivoba. aRniSnul parametrebs erTmaneTTan da, rac mniSvnelovania, mosili 
naleqebis raodenobasTan kavSiri TiTqmis ar aaqvT da axasiaTeben naleqianobis 
reJims sxvadasxva kuTxiT. aRniSnul parametrebs mniSvnelovani praqtikuli 
gamoyeneba aqvT. romelTa gansazRvra mxolos empiriuli monacemebiTaa SesaZlebeli. 

acivebisa da daTbobis pirobebSi gansazRvruli maTi mniSvnelobebi yoveli Tvis 
mixedviT mocemulia cxrilSi 2. 
 

cxrili 2ю naleqebis SemTxvevaTa ricxvi, saSualo dRiuri naleqi da naleqebis 
saSualo xingrZlivoba acivebisa da daTbobis pirobebSi 
parametri 
 
 
periodi 

naleqebis 
SemTxvevaTa 

ricxbi 
 

naleqiani dReebis 
mixedviT 
gansazRvruli sa-
Sualo dRiuri naleqi 
(mm/dRe) 

naleqebis saSualo 
xingrZlivoba 

(dRe) 

 aciv. daTb. sxvaoba aciv. daTb. sxvaoba aciv. daTb. sxvaoba 

ianvari 4.8 4.3 0.3 16.1 14.4 1.7 16.0 15.3 0.7 
Tebervali 4.2 4.6 -0.4 14.1 13.7 0.4 13.7 12.9 0.8 
marti 5.4 5.4 0 11.1 11.0 0.1 11.2 10.4   0.8 
aprili 4.7 5.4 -0.7 7.9 8.2 -0.3 8.3 7.4 0.9 
maisi 5.6 5.1 0.5 7.6 8.3 -0.7 7.4 8.2 -0.8 
ivnisi 5.6 5.5 0.1 12.1 12.5 -0.4 12.1 12.1 0 
ivlisi 5.7 5.2 0.5 12.9 17.4 -4.5 13.2 15.1 -1.9 
agvisto 5.2 5.5 -0.3 17.9 18.8 -0.9 18.7 15.7 3.0 
seqtemberi 4.7 4.4 0.3 23.2 29.8 -6.6 22.9 28.3 -5.4 
oqtomberi 4.8 4.9 -0.1 23.8 25.6 -1.8 23.8 24.7 -0.9 
noemberi 4.5 4.3 0.2 20.6 22.9 -2.3 20.4 21.0 -0.6 
ddekemberi 4.7 5.0 -0.3 19.3 18.8 0.5 18.8 19.6 -0.8 
weli 59.9 59.8 0.1 15.6 16.8 -1.2 15.5 15.9 -0.4 
 

rogorc cxrilidan Cans naleqebis SemTxvevaTa ricxvi acivebidan daTbobaSi 
gadasvlisas mniSvnelovan cvlilebas ar ganicdis. saSualod wlis ganmavlobaSi 
orive periodisTvis naleqebis mosvlis daaxloebiT 60 SemTxvevas aqvs adgili. 
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magram, sezinuri variaciebi sakmaod gansxvavebulia. am mxriv gamorCeulia aprilis 
Tve, sadac acivebidan daTbobaze gadasvlis Semdeg naleqebis SemTxvevaTa ricxvi 
yvelaze metad gaizarda. aRsaniSnavia, rom aprilis TveSi saqarTvelos mTel 
teritoriaze temperaturis mkveTri zrdas aqvs adgili (TavarTqilaZe k. da sxv., 2011) 
da mosalodnelia es iwvevs naleqebis SemTxvevaTa ricxvis srdas, rac sruliad 
bunebrivia. 

rac Seexeba naleqiani dReebis mixedviT gansazRvrul saSualo dRiur 
raodenobas da naleqebis saSualo xangrZlivobas, maTi cvlileba acivebidan 
daTbobaSi gadasvlis Semdeg ufro SesamCnevia. erTic da meorec ZiriTadad 
Semcirebas ganicdis, rac srul TanxmobaSia mosuli naleqebis saerTo raodenobis 
SemcirebasTan. 

erT dReSi mosuli maqsimaluri naleqi .gansakuTrebiT did interess Seadgens 
erT dReSi mosuli maqsimaluri raodenobis naleqebis reJimuli struqturis 
cvlileba globaluri daTbobis fonze. arasasurveli, katastrofuli movlenebis 
ZiriTadi gamowvevi mizezi drois mokle periodSi didi raodenobiT mosuli 
naleqebia. eqstremarulad uxv naleqebze havis cvlilebis gavlenis Sefaseba ki erT 
dReSi mosuli maqsimaluri naleqebis TaviseburebaTa SeswavliT SeiZleba. am 
mizniT, gamoyenebuli empiriuli monacemebidan amokrefili iqna yoveli Tvis erT 
dReSi mosuli maqsimaluri naleqebi da dadgenili iqna is gansxvavebebi, rac maTi 
acivebidan daTbobis procesSi gadasvlis Sedegad SeiZleba Camouyalibdes. 

1940-2010 wlebSi, baTumSi erT dReSi naleqebis absoluturad maqsimaluri 
raodenoba acivebis periodSi movida, kerZod 1988 wlis 9 ivliss da Seadgina 275.6 mm. 
es raodenoba ganxiluli periodis yvela Tvis erT dReSi mosuli maqsimaluri 
naleqebis saSualo mniSvnelobaze (57.8 mm) daaxloebiT 4.8-Jer metia. Tu yoveli 
wlis erTi dRis absoluturi maqsimumebis droSi cvlilebas ganvixilavT, rasac 
aRniSnuli wesiT Sedgenili mwkrivis dinamiuri norma iZleva miviRebT, rom 
aRniSnul periodSi erT dReSi mosuli maqsimaluri naleqebis raodenoba wlebis 
mixedviT Semcirebas ganiCdis da Semcirebis saSualo wliuri intensiurobaa 0.054 
mm/weli. Tu ganvixilavT ara wlis, aramed wlis yoveli Tveebis dRis maqsimalur 
naleqebs, isinic ganxilul periodSi aseve Semcirebas ganicdian, mxolod naklebi 
intensiurobiT (0.046 mm/weli). 

mTeli periodis cvlilebebi cal-calke acivebisa da daTbobis SemTxvevaSi 
sakmaod gansxvavebul saxes Rebulobs. rogorc aRniSnuli iyo absolutur maqsimums 
(275.6 mm) acivebis periodSi hqonda adgili. daTbobis periodSi ki maqsimumi (206.9 mm) 
1995 wlis 20 weqtembers dafiqsirda da igi acivebis periodis maqsimumze 25 %-iT 
naklebia. aseve naklebia daTbobis periodSi yvela Tvis mixedviT gansazRvruli erT 
dReSi mosuli maqsimaluri naleqebis saSualo mniSvneloba (55.7 mm), acivebis 
periodis saSualo mniSvnelobasTan (58.6 mm).  

gansakuTrebulad mniSvnelovan Sedegebs iZleva erT dReSi mosuli maqsimaluri 
naleqebis cvlilebaTa Sedareba acivebisa da daTbobis dros. maSin, roca mTeli 
periodisTvis naleqianobis ganmsazRvreli rigi parametrebis Semcirebebs aqvs 
adgili, erT dReSi mosuli maqsimaluri naleqebis mniSvnelobebi acivebidan 
daTbobaSi gadasvlis Semdeg mkveTrad izrdeba. ase magaliTad, roca yvela Tveebis 
mixedviT gansazRvruli erTi dRis maqsimaluri naleqebis cvlilebas acivebis 
periodSi TiTqmis ar aaqvs adgili (+0.002 mm/weli), daTbobis periodSi igi 
mniSvnelovnad izrdeba da misi intensiuroba +0.149 mm/weli-s Seadgens. es momateba 
gansakuTrebiT izrdeba wlis absoluturi maqsimumebis SemTxvevaSi. Tu acivebis 
dros cvlileba gamoixateba SemcirebiT da Semcirebis intensiuroba Seadgens 0.105 
mm/weli-s, daTbobis procesSi igi izrdeba intensiurobiT +0.399 mm/weli-T. es ki 
metad mniSvnelovani daskvnis gamotanis saSualebas gvaZlevs – daTbobis procesi, 
romlis gavlena naleqebis mcire da saSualo raodenobis cvlilebaze naklebad 
Cans, uxvi naleqebis reJimze mkveTrad vlindeba. kerZod, daTboba iwvevs naleqebis 
raodenobis gazrdas da es faqti, eqstremalurad uxvi naleqebis SemTxvevaSi 
damajereblad aisaxeba.. 
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imis dasadgenad Tu rogor cvlilebas ganicdis yoveli Tvis mixedviT gansazRvruli 

erT dReSi mosuli maqsimaluri naleqi, agebuli iqna maTi mosvlis albaTobaTa 

ganawilebis funqcia mosuli naleqebis raodenobebis mixedviT, acivebisa da daTbobis 
periodebisTvis da igi mocemulia nax.5-ze. rogorc naxazidan Cans erT dReSi mosuli 

maqsimaluri naleqebis mcire, 40 mm-ze naklebi, mniSvnelobebis mosvlis albaToba 
acivebidan daTbobaSi gadasvlis Semdeg izrdeba. aRniSnul diapazonSi saerTo 

raodenobis daaxloebiT mesamedi xvdeba. 40 mm-dan 120 mm-mde diapazonSi, romelSiac 

saerTo SemTxvevaTa ricxvidan naxevarze meti modis piriqiTaa, daTbobis dros 
SemTxvevaTa ricxvi klebulobs. rac Seexeba uxvi naleqebis diapazons (120 mm-ze meti), 

romelic normidan gadaxris eqstremalur kategoriadaa miCneuli, daTbobis Sedegad erT 

dReSi mosuli maqsimaluri naleqebis SemTxvevaTa ricxvi mniSvnelovan zrdas ganicdis. 
 

susti acivebis periodi
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nax.5. erT dReSi mosuli maqsimaluri naleqebis albaTobaTa ganawileba 

baTumSi susti acivebisa da Zlieri daTbobis periodebisTvis. 

 
maqsimaluri xangrZlivobis naleqebi (xangrZlivoba, raodenoba). globaluri daTbobis 

gavlenis dasadgenad naleqebis xangrZlivobasa da Sesabamis raodenobaze, gamoyenebul 
monacemTa bazidan, yoveli Tvis mixedviT  SevarCieT maqsimaluri xangrZlivobis 

(SemTxveva, roca procesi dawyebidan damTavrebamde wyvetas ar ganicdis) naleqebi, 

ganvsazRvreT maTi xangrZlivoba dReebSi da naleqebis raodenoba. yoveli TvisTvis 
davadgineT maTi normebi cal-calke acivebisa da daTbobis periodebisTvis. miRebuli 

mniSvnelobebi da sxvaobebi maT Soris mocemulia cxrilSi 2. 
rogorc cxrilidan Cans daTbobis Sedegad naleqebis xangrZlivobac da raodenobac 

Semcirda. mTeli periodisaTvis xangrZlivobis saSualo sidide, 5.5 dRe 0.6-iT anu 

daaxloebiT 14 saaTiT Semcirda, rac saSualo xangrZlivobis 11%-mdea. maqsimaluri 
xangrZlivobis naleqebis saSualo wliurma normam (107 mm) 17 mm-iT anu 16%-mde ganicada 

Semcireba. 

aRsaniSnavia Tavisebureba, romelsac xangrZlivobisa da raodenobis Sidawliur 

ganawileba iZleva. acivebis periodSi yvelaze mcire xangrZlivobas da raodenobas 

Sesabamisad ivnissa da maisSi aqvs adgili. daTbobis Semdeg orive parametris yvelaze 
mcire mniSvneloba aprilis TveSi gadainacvlebs. e.i. aprilidan maissa da ivnisSi 
gadasvla anu temperaturis mateba iwvevs maqsimaluri naleqebis xangrZlivobisa da 

raodenobis zrdas. es procesi ufro mkveTradaa gamoxatuli aRniSnuli parametrebis 
Sidawliuri ganawilebis yvelaze didi mniSvnelobebisTvis da ganamtkicebs erT dReSi 

mosuli maqsimaluri naleqebis ganxilvis dros miRebul Sedegs – temperaturis zrdiT 
naleqebis raodenobis zrdis faqti damajereblad vlindeba mxolod uxvi naleqebis 

SemTxvevaSi. es ki metad mniSvnelovani daskvnis saSualebas iZleva – garemos aramdgradi 
wonasworobis pirobebSi atmosferuli naleqebis reJimuli struqturis mosalodnel 
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cvlilebebze damajerebeli Sedegebis miReba SesaZlebelia ara naleqebis saerTo 

naodenobis, aramed uxvi (eqstremaluri) naleqebis Seswavlis gziT. 
 

cxrili 2.maqsimaluri xangrZlivobis naleqis dReebis saSualo sidide da naleqebis 
raodenoba baTumSi acivebisa da daTbobis pirobebSi 

parametri 

maqsimaluri 
naleqis 

xangrZlivoba 
dRe 

maqsimaluri 
naleqis 

raodenoba 
mm 

periodi aciv. daTb. sxvaoba aciv. daTb. sxvaoba 
ianvari 6.9 5.4 1.5 125.3 93.4 31.9 
Tebervali 6.2 5.4 0.8 99.8 74.0 25.8 
marti 5.6 5.6 0 78.6 51.7 26.9 
aprili 4.7 3.4 1.3 48.7 36.7 12.0 
maisi 4.1 3.9 0.2 48.0 39.1 8.9 
ivnisi 4.0 4.8 0.2 64.5 64.8 -.03 
ivlisi 4.9 4.2 0.7 82.2 59.3 22.9 
agvisto 5.3 4.4 0.9 112.3 91.8 20.5 
seqtemberi 5.9 5.5 0.4 153.8 168.4 -14.6 
oqtomberi 5.9 6.1 -0.2 158.9 157.3 1.6 
noemberi 6.4 5.2 1.2 170.0 122.3 47.7 
ddekemberi 6.5 5.8 0.7 141.6 123.6 18.0 
weli 5.5 4.9 0.6 107.0 90.0 17.0 

 

dinamiur normaze meti da naklebi normirebuli naleqebi. mze-atmosfero-dedamiwis 
aramdgradi wonasworobis dros, rac iwvevs havis tendenciur cvlilebas – acivebas an 

daTbobas, atmosferuli naleqebis reJimis ZiriTadi maxasiaTebeli dinamiuri normaa. igi 
igeba mxolod aramdgradi wonasworobis periodSi ise, rom naleqebis yovelwliuri 

jamebis normidan gadaxrebs Tanabar nawilebad hyofs. magram, normaze meti da normaze 
naklebi naleqebis reJimuli struqtura SesaZlebelia erTmaneTisagan gansxvavebuli 
iyos da Tu aseTi gansxvavebaa misi codna garkveul praqtikul Rirebulebas warmoadgens. 

dinamiur normaze meti an naklebi naleqebis reJimuli struqturis Sesaswavlad 

Catarda naleqebis wliuri jamebis normireba. manormirebel parametrebad aRebuli iqna 
ganxiluli periodis dinamiuri norma. aRsaniSnavia, rom dakvirvebis erTi punqtisTvis 

naleqebis (agreTve sxva parametrebisac) SemTxveviTi variaciebis reJimuli struqturis 

Sesaswavlad monacemTa normireba aucilebeli ar aris, radgan igi igive Sedegebs iZleva 
rasac faqtiuri monacemebi. aq igi sailustraciodaa gamoyenebuli radgan, Tu regionis 

dasaxasiaTeblad ramodenime punqtis monacemebia gamoyenebuli, maSin normireba 

aucilebelia. 

faqtiuri monacemebis mixedviT dinamiuri normidan gadaxrebi mocemulia nax.6-ze. 

naxazze datanilia agreTve monacemTa arawrfivi (me-5-e rigis polinomiT) aproqsimaciac. 
miuxedavad imisa, rim dinamiuri norma uaryofiTi da dadebiTi gadaxrebis jamebs 

optimalurad Suaze hyofs, naxazidanac kargad Cans, rom damoukideblad normaze naklebi 
da normaze meti naleqebis reJimuli struqtura gansxvavebulia. 

normirebuli, dinamiur normaze meti da dinamiur normaze naklebi naleqebis wliuri 

jamebis mniSvnelobebi 1940-2010 wlebSi mocemulia nax.7-ze  
rogorc normaze meti ise normaze naklebi naleqebis SemTxvevaSi, maT normirebul 

mniSvnelobis cvlilebaTa mimarTulebebs da intensiurobebs  damoukideblad acivebisa 

da daTbobis pirobebSi, gviCvenebs naxazze datanili wrfeebi. am wrfeebis 
gamosaxulebebia: 

dinamiur normaze meti naleqebis SemTxvevaSi, acivebis dros 
 q = - 0.419 + 0.0009 τ,    (7) 

 



 
 

27 
 

'

'

'

' '

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

' '

'

'

'

'

'

'

'

'

'

'

'

'
'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'

'
'

'

'

'

'

' '

'

'
'

'

1940      1960      1980       2000      2020

3000

2500

2000

1500

1000

500

0

w     e     l     i

n 
a 
l
 e
 q
 e
 b

 i
  
 m
 m

dinamiur normaze meti

dinamiur normaze naklebii

 
 
    nax.6. atmosferuli naleqebis gadaxrebi dinamiuri normebidan da 

maTi arawrfivi aproqsimacia (mrudi). 
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      nax.7. normorebuli, dinamiur normaze meti (>1) da naklebi (<1) naleqebis 

cvlileba baTumSi acivebisa da daTbobis periodebisTvis. 
 
sadac τ  icvleba 1940-dan 1990-mde da daTbobis dros  

 q = 13.059 – 0.0058 τ,                          (8) 

sadac τ icvleba 1991-dan 2010-mde. 

dinamiur normaze naklebi naleqebis SemTxvevaSi, acivebis dros  
 q = - 1.881 + 0.0013 τ,                          (9) 

sadac τ  icvleba 1940-dan 1990-mde da daTbobis dros  
 q = 3.948 - 0.0016 τ,                            (10) 

sadac τ icvleba 1991-dan 2010-mde. 
amrigad, normaze meti da normaze naklebi atmosferuli naleqebis cvlilebis 

mimarTulebebi acivebisa da daTbobis pirobebSi erTnairia. kerZod, acivebis dros xdeba 
maTi raodenobebis zrda drois mixedviT da daTbobis pirobebSi piriqiT, cvlilebebi 

SemcirebiT xasiaTdeba. isini gansxvavdebian cvlilebis intensiurobis mixedviT. 

acivebis SemTxvevaSi normaze meti naleqebis zrdis intensiuroba (0.0009 c/weli) normaze 

naklebi naleqebis zrdis intensiurobasTan SedarebiT (0.0013 c/weli) 30.8%-iT naklebia. 

xolo, daTbobis dros naleqebis Semcirebis intenciuroba normaze meti naleqebis 

SemTxvevaSi (0.0058 c/weli),  normaze nakleb naleqebTan SedarebiT (0.0016 c/weli) sam-

naxevarjer metia. e.i. dinamiur normaze meti da naklebi naleqebis cvlileba Tanamedrove 
daTbobis fonze SesatyvisobaSia naleqebis saerTo raodenobis cvlilebasTan. 



 
 

28 
 

literatura - REFERENCES –ЛИТЕРАТУРА 

1. elizbaraSvili e., papinaSvili l., xelaZe T. saqarTvelos teritoriaze atmosferuli 

naleqebis mravalwliuri cvlilebisgamokvlevis winaswari Sedegebi. klimatis 

kvlevis erovnuli centris sainformacio biuleteni, #5, 1997 (35-44) 
2. elizbaraSvili e., papinaSvili l.,. atmosferuli naleqebis mravalwliuri 

cvlileba saqarTvelos teritoriaze. hidrometinstitutis Sromebi, # 102, 2001 
(112-116) 

3. TavarTqilaZe k., elizbaraSvili e., mumlaZe d., vaCnaZEj. saqarTvelos miwispira 
temperaturuli velis cvlilebis empiriuli modeli. mecniereba, Tbilisi, 1999 
(128). 

4. TavarTqilaZe k. saqarTveloSi naleqebis ganawilebis statistikuri struqtura. 
hidromet. in-tis Sromebi, 105, mecniereba, Tbilisi, 2002 (117-137). 

5. TavarTqilaZe k., qiqava a. gvalvebisa da gaudabnoebis xelSemwyobi temperaturisa 
da naleqebis reJimuli struqtura da havis cvlilebis gavlena masze. 
saqarTvelos soflis meurn. mecn. akad. moambe, # 28, 2010 (309-317) 

6. TavarTqilaZe k., qiqava a, solomoniZe r., gogatiSvili n.  haeris miwispira 
temperaturis regionaluri cvlilebis Taviseburebani saqarTveloSi, geografiis 
institutis SromaTa krebuli, 3, 2011 (35-38). 

7. TavarTqilaZe k., qiqava a., ananiZe m. gvalvebisa da gaudabnoebis xelSemwyobi 
naleqebis uaryofiTi anomaliebi saqarTveloSi. geografiis institutis Sromebi, 
6(85) 2014 (128-133)  

8. comaia v., mesxia r., simonia T. dasavleT saqarTveloSi eqsgremaluri temperatu-
rebis dros naleqebis da mdinaris Camonadenis reJimi klimatis cvlilebis fonze. 
hidrometinstitutis Sromebi, 108, 2002 (139-144). 

9. Бегалишвили Н.А., Таварткиладзе К.А., Вачнадзе Д.И. Современное изменение климата в Грузии. 

Вековое изменение влагосодержания атмосферы и его влияние на влагооборот. Тбилиси, 2007 (123).  

10. Бегалишвили  Н.А., Бериташвили Б.Ш., Цинцадзе Т.Н., бегалишвили Н.Н., Мдивани С.Г., Цинцадзе 

Н.Т. Оценка риска экстремально обильных осадков с использованием их режимных данных. Тр. 

Инст-та Гидрометеорологии, 119, 2013  (48-51). 

11. Безуглова Н Н., Зинченко Г. С., Пузанов А. В. Современные тенденции изменения климата в 

аридных районах юга Западной Сибири. Метеорология и гидрология,  №11, 2012 (38-45) 

12. Груза Г.В., Ранькова Э.Я., Рочева Э.В. Климатические изменения атмосферных осадков на 

территории России по данным инструментальных наблюдений. Использование и охрана природных 

ресурсов в России,  № 5, 2007 (37-42) 

13. Деркач Д.В. Исследование изменения режима атмосферных осадков в западной части Северного 

Кавказа . Вестник АГПУ. Естественные и технические науки 2007 - №1, 2007 (73-78). 

14. Изменение климата, Физическая научная основа. Доклад МГЭИК. Руководители группы экспертов 

Жаро М. и Штайнер А., ВМО, ЮНЕП, 2013 (204) 

15. Киктёв Д..В., Сизе Д., Александер Л. 2009. Сравнение многолетних средних и тенденций изменения 

ежегодных экстремумов температуры и осадков по данным моделирования и наблюдений. Изв. РАН. 

ФАО, 45, № 3. 2009 (305-315). 

16. Мазмишвили А.И. Способ  наименьших квадратов. Недра, Москва, 1968 ( 436). 

17. Муравьев А.В.,Куликова Иа. Взаимосвязь суммарных осадков над Евразией с центрами действия 

атмосферы Северного полушария и главными модами изменчивости температуры поверхности 

Северной Атлантики. Метеорология и гидрология,  №1, 2011 (5-17) 

18. Оценочный доклад об изменениях климата и их последствиях на территории Российской Федерации, 

Доклад МГЭИК России. Руководитель группы экспертов Бодрицкий Г.С., Москва , 2008 (28) 

19. Суковатов К. Ю., Безуглова Н. Н. Когерентные колебания атмосферных осадков холодного сезона на 

территории Ишимской равнины и индексов атмосферной циркуляции. Метеорология и гидрология,  

№1, 2015 (18-26). 

20. Tavartkiladze K.,  Begalishvili N., Tsintsadze T., Kikava A. Influence of Global Warming on the Near-

Surface Air Temperature Field in Georgia. Bulletin of the Georgian National Academy of Sciences, v.6, N 

3, 2012 (55-60). 

 
 



 
 

29 
 

uak. 551.551.1, 551.575-6 

havis cvlilebis gavlenis Sefaseba atmosferuli naleqebis reJimze./k.TavarTqilaZe/ 
saqarTvelos teqnikuri universitetis hidrometeorologiis institutis SromaTa 
krebuli-2016.-t.123.-gv.17-29.-qarT. rez: qarT., ingl., rus. 
 uxvnaleqiani dakvirvebis punqtis (baTumi) mravalwliuri dakvirvebis monacemebis 

gamoyenebiT, sadac mkveTrad gayofilia acivebisa da daTbobis periodi, Seswavlilia 
havis cvlilebiT gamowveuli naleqebis reJimis damaxasiaTebeli parametrebis reJimuli 
struqturis cvlilebebi. es parametrebia: naleqebis wliuri jami; /Sidawliuri 

ganawileba; SemTxvevaTa ricxvi; saSualo xangrZlivoba; erT dReSi mosuli naleqebis 

saSualo raodenoba; erT dReSi mosuli maqsimaluri naleqebi (xangrZlivoba, 
raodenoba); dinamiur normaze meti da naklebi naleqebis reJimuli struqtura.  

Seswavlilia aRniSnuli parametrebis urTierT kavSiri.  
UDK 551.551.1, 551.575-6 

Climate change impact on the atmospheric precipitation regime./K.Tavartkiladze/Transactions of the 

Institute of Hydrometeorology at the Georgian Technical University. -2016. - v.123. – pp.17-29. -Georg.; 

Summ. Georg.; Eng.; Russ. 

Using several years’ data of climate observation point (in Batumi), where periods of temperature falling 

and rising are strictly separated, was studied climate change caused by variations in the structure of the 

precipitation regime characteristic parameters. These parameters are: total annual precipitation; annual 

precipitation distribution; precipitation occasions; average duration of precipitation; average daily precipitation 

amount; maximum precipitation duration and amount during year; structure of precipitation regime that’s more 

or less than dynamical standard. 

Connection between these parameters has been studied. 

 
удк 551.551.1, 551.575 -6 

Оценка  влиянии изменения климата на режиме атмосферных осадков./ К.Таварткиладзе/ Сб. 

Трудов Института Гидрометеорологии Грузинского Технического Университета. –2016. – т.123. – с.17-

29.- Груз .; Рез. Груз., Анг.,Рус. 

 С использованием многолетных данных над атмосферными осадками пункта наблюдений 

обильными осадками  (Батуми), в котором четко  разделены периоди потепления и похоладания 

климата, изучены изменения основных параметров, характеризирующих режима осадков. Эти 

параметры: годовая сумма осадков, внутригодовое  распределение, число случаев, средная 

продолжительность, среднее количество осадков одного дня, продолжительность и количество 

максимальных осадков, режимная структура больших и меньших сумм от динамической нормы 

осадков, 

 Установлены  заимные связи упомянутых параметров 
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uak551.59 

uak551.59 
setyvianobis mravalwliuri cvlileba aRmosavleT saqarTveloSi 

fifia m. beglaraSvili n. 
saqarTvelos teqnikuri universitetis hidrometeorologiis instituti 0112, 

Tbilisi, d. aRmaSeneblis gamziri 150amishapipia@yahoo.com 
 

 Sesavali 
stiqiur movlenebs Soris saqarTvelosTvis, met wilad misi aRmosavleTi 

nawilisTvis, gansakuTrebiT saSiSi movlenaa setyva. mas moaqvs mniSvnelovani 
materialuri zarali, azianebs nagebobebis saxuravebs da kedlebs, sasoflo-
sameurneo naTesebs, baRebs, venaxebs, iwvevs Sinauri cxovelebis msxverpls da a.S.. 
amitom mniSvnelovania misi mravalwliuri cvlilebis ukeT Seswavla aRmosavleT 
saqarTvelos pirobebisTvis. 

setyva gansakuTrebiT saSiSia im raionebSi, romlebic xasiaTdeba reliefis 
sirTuliT, zRvis donidan didi simaRliT, haeris masebis maRali tenianobiT, aseve, 
dedamiwis zedapiris maRali temperaturiT, romelic xels uwyobs konveqciis 
gaZlierebas[1]. aseve, klimatis Tanamedrove anTropogenur  cvlilebebs SeuZliaT 
gavlena moaxdinos  Rrublebis mikrofizikur da eleqtrul Tvisebebze, rogorc 
intensiuri setyvisa da elWeqis gamomwvev pirobebze. amave dros, zemoqmedebis 
efeqti did wilad damokidebulia fizikur-geografiul pirobebze da ekologiur 
situaciaze. 

aRmosavleT saqarTveloSi haeris stratifikaciis aramdgradoba maqsimums 
gazafxulis meore naxevarSi aRwevs, rac e. nafetvariZis[2] azriT qvefenili 
zedapiris gaTbobiT da amave dros, kavkasionis maRalmTian sartyelSi Tovlis 
arsebobiT aixsneba. gazafxulze sinqronulad dawyebuli frontis samxreT totis 
CrdiloeTisaken gadanacvleba da am frontze gaCenili talRuri da ciklonuri 
moqmedeba kidev ufro aZlierebs haeris sinotivis aramdgradobas, aviTarebs 
konveqciul Rrublebs, romelsac uxv wvimebTan erTad xSirad setyvac axlavs. 

 
ZiriTadi nawili 
winamdebare statiaSi aRmosavleT saqarTvelos pirobebisTvis, misi TiToeuli 

regionis magaliTze gamokvleulia setyvianobis mravalwliuri svla, bolo 50 
wlisa da manmade arsebuli setyvian dReTa raodenobis mravalwliuri cvlilebis 
tendenciebi.    

 
masala da meTodebi 
kvlevaSi gamoyenebulia aRmosavleT saqarTvelos 15 meteorologiuri 

sadguris dakvirvebaTa monacemebi, romelic moicavs 1961-2014 wlebis periods da 
klimaturi cnobaris mixedviT 1961 wlamde arsebuli monacemebi. gamoyenebuli iqna 
aseve maTematikuri statistikisa da albaTobis Teoriis meTodebi. 

 
setyvian dReTa raodenobis cvlileba saqarTveloSi wlis Tbili 

periodisTvis 
saqarTvelos pirobebisTvis zogierT SromebSi warmodgenilia kvlevebi wlis 

Tbili periodis (aprili-oqtomberi) ganmavlobaSi setyvian dReTa raodenobis 
cvlilebis Sesaxeb 1941-1990 wlebis periodisTvis 122 meteorologiuri sadguris 
monacemebiT (81 sadguri dasavleT saqarTveloSi da 41 sadguri aRmosavleT 
saqarTveloSi)[3,4].  

nax.1-ze warmodgenilia wlis Tbil periodSi meteorologiur sadgurze 
setyvian dReTa saSualo raodenobis trendebi 1941-1990 wlebis periodisTvis[5] 
monacemebis mixedviT. 
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nax.1.meteorologiur sadgurze setyvian dReTa saSualo raodenobis 

cvlileba wlis Tbil periodSi 1941-1990 wlebisTvis 
 

mTlianobaSi, rogorc nax.1-dan Cans, aRmosavleT da dasavleT saqarTveloSic 
daikvirveba setyvianobis daRmavali trendi. amasTan, rogorc vxedavT aRmosavleT 
saqarTveloSi setyvian dReTa kleba xdeboda ufro intensiurad, vidre dasavleT 
saqarTveloSi. SesaZlebelia es dakavSirebulia klimatis cvlilebis 
Taviseburebebze saqarTvelos am raionebSi, an aRmosavleT saqarTveloSi 1967-1989 
wlebSi mimdinare setyvis procesebze aqtiur zemoqmedebasTan. ufro detalurad es 
sakiTxi ganxilulia SromebSi[5-9] romelTa mixedviTac dacul teritoriebze 
sakontrolo teritoriebTan SedarebiT, setyvian dReTa Semcireba xdeboda naklebi 
tempebiT. SesaZlebelia es xdeboda dacul teritoriebze atmosferos 
anTropogenuri daWuWyianebis zrdis Sedegad (sakontrolo teritoriebi 
ganlagebulia SedarebiT ekologiurad sufTa raionebSi).unda aRiniSnos, rom 
anTropogenuri daWuWyianebis zrda atmosferoSi, mniSvnelovan gavlenas axdenda 
setyvis procesebis dinamikaze da setyvis sawinaaRmdego samuSaoebis efeqturobaze 
kaxeTSi. kerZod, 1967-1984 wlebSi kaxeTSi SeiniSneboda mosalodneli da faqtiuri 
setyvis SemTxvevaTa raodenobis garkveuli zrda, aseve, zemoqmedebul setyvis 
RrubelTa raodenobis garkveuli zrda, SeiniSneboda agreTve setyvis RrubelTa 
wilis zrda zemoqmedebul RrubelTa saerTo raodenobaSi. amavdroulad 
aRiniSneboda erTi setyvianobisas setyvisgan 100%-iT dazianebuli farTobis 
Semcireba[6]. 

 
setyvian dReTa raodenobis mravalwliuri svla aRmosavleT saqarTveloSi  
detaluri kvlevebi klimatis cvlilebis fonze globaluri daTbobis 

gavlenisa setyvis klimatologiaze, aseve, setyvasawinaaRmdego Tavdacvis fizikuri 
efeqturobis Sefasebis meTodebi, romelic iTvaliswinebs regionis setyvasaSiS 
trends, Sesrulebulia ara saqarTvelosTvis, aramed, CrdiloeT kavkasiisTvis[10]. 
samwuxarod, saqarTvelos pirobebisTvis bolo wlebSi, sando monacemebis 
uqonlobis, aseve, Sesabamisi setyvis sawinaaRmdego samsaxuris ararsebobis gamo, am 
problemis ganxilva SeuZlebelia. saqarTvelos teritoriaze bolo ori aTwleulis 
ganmavlobaSi mxolod 18 meteorologiuri sadguri funqcionirebda. amisda 
miuxedavad, garkveuli warmodgena am sakiTxze SeiZleba Cvens xelT arsebuli 
calkeuli monacemebis analizisa da damuSavebis Sedegad. 

nax.2-ze warmodgenilia setyvian dReTa raodenobis mravalwliuri svla 
Telavis da mTlianad kaxeTis 8 meteorologiuri sadguris 1967-2004 wlebis 
monacemebiT.  
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a. b. 

nax.2.  setyvian dReTa raodenobis mravalwliuri svla: a) mTeli rigis 
mixedviT; b) 1985 wlis monacemebis gauTvaliswineblad 
 
setyvian dReTa raodenobis saukunovan svlaSi, rogorc Telavis, ise¬kaxeTis 8 

punqtis monacemebis gaTvaliswinebiT, piki aRiniSneba 80-ian wlebSi da Semdeg 
klebulobs (nax.2 a). es gamowveulia imiT, rom 1985 wels dafiqsirda setyvian dReTa 
Zalian bevri SemTxveva. mxolod TelavSi am wels 13 setyviani dRe aRiniSna, xolo 
kaxeTis rvave sadguris monacemebiT, setyvian dReTa raodenobam jamSi 38-s miaRwia. 
rogorc Cans, es weli anomaliuri iyo, radganac sxva SemTxvevaSi setyvian dReTa 
raodenoba gacilebiT naklebia. magaliTad, TelavSi ganxilul periodSi setyvian 
dReTa raodenoba icvleboda 1-dan 7-mde da am fonze 1985 wels setyva movida 13 
dRis ganmavlobaSi, rac TiTqmis orjer aRemateba setyvian dReTa raodenobis 
maqsimums. aseTive mdgomareobaa sxva sadgurebis monacemebSic. amitom, setyvianobis 
mravalwliuri cvlilebis tendenciis sworad Sesafaseblad, mizanSewonilia am 
wertilis gauTvaliswinebloba. aseT SemTxvevaSi vRebulobT naxazze 2 b. 
warmodgenil Sedegs. rogorc am Sedegidan Cans, Telavis monacemebiT, setyvian 
dReTa raodenobas ar gaaCnia matebis an klebis arsebiTi tendencia. rac Seexeba 
yvela meteorologiuri sadguris Semajamebel monacemebs, aSkaraa setyvian dReTa 
raodenobis klebis tendencia. gansakuTrebiT swrafad iklebda setyvianoba 1990 
wlis Semdeg, anu intensiuri globaluri daTbobis periodSi. amave naxazidan Cans, 
rom setyvis procesebze aqtiuri zemoqmedebis periodSi, rac warmoebda 1967_1989 
wlebSi, setyvianobis raime SesamCnevi kleba ar aRiniSneba. 

1 cxrilSi warmodgenilia setyvian dReTa saSualo raodenobis cvlileba  
Tveebis mixedviT  kaxeTis Svidi meteorologiuri sadguris monacemebiT, wlis 
Tbili periodisTvis (aprili-oqtomberi), romelic moicavs 1961-2013 wlebis 
dakvirvebis periods. 
 
cxrili 1. setyvian dReTa saSualo raodenoba wlis Tbil periodSi kaxeTSi Tveebis 
mixedviT 

meteosadguri 
dakvirvebis 
periodi 

Tve 
IV V VI VII VIII IX X 

gurjaani 1961-2006 0.2 0.6 0.3 0.1 0.1 0.04 0.07 

lagodexi 1961-1992; 2007-2013 0.07 0.2 0.07 - 0.02 0.02 0.1 

sagarejo 1961-2006; 2010-2013 0.2 0.2 0.3 0.1 0.1 0.1 0.02 

Siraqi 1961-1992 0.3 0.5 0.5 0.09 0.1 0.1 0.09 

Telavi 1964-2013 0.1 0.3 0.3 0.02 0.1 0.1 0.02 

wnori 1961-1992 0.1 0.2 0.09 0.03 - - 0.03 

yvareli 1961-2006 0.2 0.6 0.3 0.02 0.07 0.1 - 

 
cxrili 1-dan naTlad Cans, rom  setyvis procesebi wlis Tbili periodisTvis 

kaxeTSi gansakuTrebiT aqtiuria gazafxulze da zafxulis dasawyisSi, rodesac 
konveqciuri Rrublebis ganviTarebisTvis iqmneba xelsayreli pirobebi. setyvian 
dReTa saSualo raodenoba maqsimums ZiriTadad mais-ivnisSi aRwevs. ammonacemebze 
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dayrdnobiT gaanalizebul iqna kaxeTis setyvianoba bolo 50 wlis mdgomareobiT 
wlis Tbili periodisTvis da Tu  1961-2013 wlebis  periodis monacemebs SevadarebT 
1961 wlamde arsebul monacemebs[11], naTlad SemiCneva setyvianobis klebis tendencia 
(nax.3). 

 

 
 

nax.3. setyvian dReTa saSualo raodenoba 1961 wlamde da 1961-2013 wlebSi wlis 
Tbili periodisTvis kaxeTSi da Sesabamisi polinomebi; R2 - determinaciis 

koeficienti 
 
rogorc nax.3-dan Cans, mais-ivnisSi, roca  yvelaze maRalia setyvianoba, 

setyvian dReTa saSualo raodenoba bolo 50 wlis ganmavlobaSi wina periodTan 
SedarebiT, daaxloebiT 50%-iT aris Semcirebuli. setyvian dReTa saSualo 
raodenobis cvlileba Tveebis mixedviT wlis Tbili periodisTvis, kargad aRiwereba 
me-5 xarisxis polinomiT. 

TiTqmis igive mdgomareobaa aRmosavleT saqarTvelos sxva 
regionebSic.danarCeni regionebisTvis  gaanalizebul iqna 1961-2006 wlebis 
monacemebi wlis Tbili periodisTvis da Sedarebul iqna 1961 wlamde arsebul 
monacemebs. 

2 cxrilSi moyvanilia aRmosavleT saqarTvelos regionebSi (garda kaxeTisa) 
setyvian dReTa saSualo raodenobis cvlileba, Tveebis mixedviT wlis Tbili 
periodisTvis, romelic moicavs 1961-2006 wlebs.  
 
cxrili 2. setyvian dReTa saSualo raodenoba Tveebis mixedviT aRmosavleT 
saqarTveloSi(1961-2006 ww.) 

regionebi IV V VI VII VIII IX X 
samcxe-javaxeTi 0.09 0.57 0.76 0.19 0.23 0.19 0.07 
Sida qarTli 0.2 0.33 0.35 0.12 0.14 0.13 0.05 
qvemo qarTli 0.22 0.73 0.65 0.15 0.2 0.16 0.04 
mcxeTa-mTianeTi 0.15 0.42 0.58 0.14 0.17 0.2 0.07 

 
cxrili 2-dan Cans, rom kaxeTis msgavsad, aRmosavleT saqarTvelos danarCen 

regionebSic setyvian dReTa saSualo raodenoba maqsimums mais-ivnisSi aRwevs. am 
cxrilis monacemebisa da 1961 wlamde arsebuli monacemebis mixedviT agebil iqna 
Sesabamisi grafikebi TiToeuli am regionisTvis, rac saSualebas gvaZlevs 
SevadaroT es ori periodi erTmaneTs da gavakeToT Sesabamisi daskvnebi. (nax. 4, 5, 6, 
da 7) 
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nax. 4. setyvian dReTa saSualo raodenoba 1961 wlamde da 1961-2006 wlebSi 
wlis Tbili periodisTvis samcxe-javaxeTSi da Sesabamisi polinomebi; R2 - 

determinaciis koeficienti 

 

rogorc nax. 4-dan Cans, 1961-2006 wlebis monacemebiT samcxe-javaxeTSi, iseve 

rogorc kaxeTSi, setyvian dReTa saSualo raodenoba mais-ivnisSi, rodesac igi Tavis 

maqsimums aRwevs, daaxloebiT 50%-iT aris Semcirebuli wina periodTan SedarebiT. 

aseTive mdgomareobaa am regionSi wlis Tbili periodis sxva TveebSi. 

 

 
 

nax. 5. setyvian dReTa saSualo raodenoba 1961 wlamde da 1961-2006 wlebSi 
wlis Tbili periodisTvis mcxeTa-mTianeTSi da Sesabamisi polinomebi; R2 - 

determinaciis koeficienti 
 

rogorc nax. 5-dan irkveva, mcxeTa-mTianeTis regionSic, iseve, rogorc kaxeTsa 
da samcxe-javaxeTSi, setyvian dReTa saSualo raodenoba 1961-2006 wlebSi, 1961wlamde 
periodTan SedarebiT wlis Tbili periodis ganmavlobaSi, sagrZnoblad aris 
Semcirebuli.aq, mais-ivnisSi setyvian dReTa saSualo raodenobis maCvenebeli 30-40%-
iT aris Semcirebuli. 
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nax.6. setyvian dReTa saSualo raodenoba 1961 wlamde da 1961-2006 wlebSi 
wlis Tbili periodisTvis Sida qarTlSi da Sesabamisi polinomebi; R2 - 

determinaciis koeficienti 
 

rogorc nax. 6-dan vxedavT, Sida qarTlSic, iseve rogorc kaxeTis, samcxe-
javaxeTisa da mcxeTa-mTianeTis SemTxvevaSi setyvian dReTa saSualo raodenoba 1961-
2006 wlebSi klebulobs 1961 wlamde periodTan SedarebiT.am regionSic setyvianoba 
gansakuTrebiT klebulobs mais-ivnisSi, roca setyvis mosvla wlis ganmavlobaSi 
piks aRwevs. Sida qarTlSi setyvian dReTa saSualo raodenobis kleba mais - ivnisSi 
Seadgens daaxloebiT 30%-s. 

 

 
 

nax.7. setyvian dReTa saSualo raodenoba 1961 wlamde da 1961-2006 
wlebSi wlis Tbili periodisTvis qvemo qarTlSi da Sesabamisi polinomebi; 

R2 - determinaciis koeficienti 
 

rogorc nax.7-dan irkveva, qvemo qarTlis regioni gamonakliss warmoadgens 
aRmosavleT saqarTvelos regionebs Soris. aq, yvela sxva regionebTan SedarebiT 
1961-2006 wlebis periodSi, setyvian dReTa saSualo raodenoba wlis Tbili 
periodis Tveebis mixedviT, TiTqmis ucvlelia 1961 wlamde periodTan SedarebiT. 

zogadad yvela am monacemebis gaanalizebis safuZvelze  SeiZleba iTqvas, rom 
wlis Tbil periodSi, aRmosavleT saqarTveloSi 1961 wlis Semdeg dRemde, setyvian 
dReTa saSualo raodenoba Semcirebulia. gansakuTrebiT mais-ivnisSi, rodesac 
setyvianoba masimums aRwevs. 
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setyvianobis klebis tendencias adasturebs, agreTve, 1967-2014 wlebis 
statistikuri monacemebis safuZvliani analizi kaxeTisa da qvemo qarTlis 
regionebisTvis, saidanac Cans, rom am regionebSi setyvianobis klebis Tanabari 
tendenciebia (nax.8 da 9). 

 

 
 

nax. 8 setyvian dReTa saSualo raodenobis cvlilebis tendencia wlebis 
mixedviT kaxeTis regionisTvis (1967-2014 ww.), Sesabamisi wrfivi  funqciiT da 

determinaciis koeficientiT (R2) 
 

 
 

nax. 9.  setyvian dReTa saSualo raodenobis cvlilebis tendencia wlebis 
mixedviT qvemo qarTlis regionisTvis (1967-2014 ww.), Sesabamisi wrfivi  funqciiT  

da determinaciis koeficientiT (R2) 
 

setyvian dReTa saSualo raodenobis Semcireba aRmosavleT saqarTveloSi 
garkveulwilad aixsneba 1967-1989 ww. periodSi setyvaze aqtiuri zemoqmedebiT 
konveqciur RrublebSi makristalebeli centrebis SetaniT.  

amasTan, me-20 saukunis 1960-iani wlebis meore naxevridan aRmosavleT 
saqarTveloSi (Tbilisi, rusTavi, gardabani, kaspi) samrewvelo kompleqsis da 
transportis ganviTarebasTan erTad, mkveTrad gaizarda atmosferoSi gafrqveul 
nivTierebaTa done. agreTve, farTomasStabiani sasoflo-sameurneo aTvisebis gamo, 
moimata mtvris nawilakebma atmosferoSi. myari da meoradi sulfatebi, nitratebi, 
anTropogenuri aerozolebi Seicaven kondensaciisa da kristalizaciis centrebs[12]. 
isini bunebriv nawilakebTan erTad ganapirobeben setyvis warmoqmnis pirobebs. 
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amrigad, haeris gaWuWyianebis Sedegad SeiZleba Seicvalos reJimi da maT Soris 
myaric[12,13]. 

kaxeTis teritoriaze moxvedrili konveqciuri Rrublebi gardabani - rusTavi 
- Tbilisi - kaspis teritoriebis gavlisas ganicdian anTroponogenuri aerozolebiT 
gaWuWyianebas, amis gamo frontaluri warmoSobis konveqciuri Rrublebi setyvis 
sawinaaRmdego samsaxuris moqmedebis wlebSi, raketis mier Setanili konveqciur 
reagentebTan erTad damatebiT kaxeTsa da mis gare teritoriebidan ganicdida 
anTropogenuri kristalizaciis centrebiT Sevsebas, rac gavlenas axdenda elWeqisa 
da setyvis Rrublebis aqtivobaze. 

garda amisa, setyvianoba icvleba saqarTveloSi mimdinare klimatis 
Tanamedrove cvlilebis Sedegad[12,14-17], romelsac pirdapiri kavSiri aqvs 
konveqciuri centrebis gaaqtiurebasTan. 

 
daskvna 
aRmosavleT saqarTveloSi setyvian dReTa saSualo raodenobis mravalwliur 

svlas ZiriTadad klebis tendencia aqvs. 
gansakuTrebiT swrafad iklebda setyvianoba 1990 wlis Semdeg, anu intensiuri 

globaluri daTbobis periodSi. 
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uak551.59 

setyvianobis mravalwliuri cvlileba aRmosavleT saqarTveloSi/fifia m. 
beglaraSvili n../saqarTvelos teqnikuri universitetis hidrometeorologiis 
institutis SromaTa krabuli, 2016,t.123,gv.30-38.qarT. rez: qarT., ingl., rus. 
gamokvleulia aRmosavleT saqarTveloSi setyvianobis mravalwliuri cvlileba 15 
meteorologiuri sadguris dakvirvebaTa monacemebis mixedviT 1961-2014 wlebis 
periodisTvis. gaanalizebulia setyvian dReTa raodenobis mravalwliuri svla 
kaxeTis magaliTze. aRmosavleT saqarTvelos TiToeuli regionisTvis ganxilulia 
setyvian dReTa saSualo raodenobis bolo 50 wlis mdgomareoba manamde arsebul 
monacemebTan SedarebiT. 
 
UDC 551.59 

Long-term change of the hailfall in eastern GeorgiaM. /Pipia N. Beglarashvili/ Tansactions of the Institute 

of Hydrometeorology et the Georgian Technical University. 2016, vol.123, pp. 30-38.Georg., Summ: Georg., 

Eng., Rus. 

Investigated long-term change of the hail in eastern Georgia according to the observational data of 15 

meteorological stations during the period of 1961-2014 years.Analyzed long-term change the number of days 

with the hail based on the example kakhetii.  For each region of eastern Georgia was examined the condition of 

average the number of days with the hail of the last 50 years to the comparison of previously existing data. 

 

УДК 551.59 

МноголетняяизменениеградобитиявВосточнойГрузииМ./Г. Пипиа Н.Г. Бегларашвили/Сб. Трудов 

Института Гидрометеорологии ГрузинскогоТехнического университета. 2016. вып.123, c.30-38.  Груз. 

Рез: Груз.,Англ., Рус. 

Исследовано   многолетняя изменение градобитияв Восточной Грузии по данным наблюдений  15 
метеорологических станции за период 1961-2014 г.г.  Проанализировано многолетняя изменение число 

дней с градом напримере Кахетии. Для каждого региона восточной Грузии рассмотрено условия 

среднего число дней с градом последних 50 лет по сравнению ранее существующих данных. 
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6uak 551.521;631.67;662.997 
klimatis cvlilebasTan qalaq Tbilisis adaptirebis aqtualuri sakiTxebi 

b. beritaSvili1, n. kapanaZe1,  a. sixaruliZe2, m. SvangiraZe2 
1-saqarTvelos teqnikuri universitetis hidrometeorologiis instituti 

2-mdgradi ganviTarebis centri ~remisia~, Tbilisi 
 

2015 wlis seqtemberSi, gaeros generaluri ansambleis morigi sesiis dros, 
msoflios 40 qveynis liderTa Sekrebaze generalurma mdivanma pan gi munma ganacxa-
da, rom klimatis mimdinare cvlileba sul ufro aaSkaravebs globaluri ekonomik-
is transformirebis aucileblobas sufTa energiis warmoebis mimarTulebiT. gaeros 

specializebuli organos - klimatis cvlilebis samTavrobaTaSoriso sabWos (IPCC) 
uaxlesi gamokvlevebis Tanaxmad, mosalodnelia mimdinare saukunis bolosTvis 

globaluri saSualo temperaturis 2.7 oC-iT matebis tendencia, rac sagrZnoblad 

aRemateba 1.5-2 oC – iT zrdis dasaSveb zRvars [1]. amave gamokvlevebiT dadgenili iq-
na, rom Tu kacobrioba gaagrZelebs saTburis airebis amJamindeli tempiT gafrqve-

vas, momaval saukuneSi atmosferoSi CO2-is koncentraciam SeiZleba miaRwios da ga-

daaWarbos kidec 1000 ppm (moculobis erTeulSi haeris milion molekulaze mosul 

CO2-is molekulaTa raodenoba) zRvars (temperaturis 2 oC – iT  matebas Seesabameba 
CO2-is koncentracia 500 ppm). es gamoiwvevs mTeli klimaturi sistemis transforma-
cias. saukunis dasasrulamde mosalodneli iqneba klimatur sistemaSi Seuqcevadi 
procesebis dawyeba: dedamiwis yinulovani safaris degradaciis intensifikacia, oke-
anis donis mniSvnelovani mateba da klimaturi sartyelebis sagrZnobi cvlileba.  

2016 wlis 22 aprils gaeros Stab-binaSi `dedamiwis dRisTvis~ miZRvnil ceremo-
niaze, pan gi munis iniciativiT, gaeros klimatis cvlilebis CarCo konvenciis 

(UNFCCC) 168 qveynis xelmZRvanelma erToblivad moawera xeli e.w. `parizis xelSek-

rulebas~, romelmac daamtkica 2015 wlis dekemberSi parizSi Catarebul UNFCCC 
mmarTvel organos - mxareTa konferenciis 21-e sesiaze (COP 21) miRebuli gadawyveti-
leba msoflio ekonomikis dekarbonizaciis mizniT 2020 wlisTvis 100 mlrd aSS do-
laris gamoyofis Sesaxeb. imave sesiaze mkafiod gamoikveTa klimatis mimdinare 
cvlilebis SesaCereblad  da mis negatiur SedegebTan sabrZolvelad globaluri 
iniciativis axali forma _ saTburis gazebis emisiebis SemcirebaSi didi qalaqebisa 
da samrewvelo regionebis (sadac warmoiqmneba saTburis gazebis 49%-ze meti emisie-
bi) monawileobis daCqareba [2]. did qalaqebsa da urbanul aglomeraciebSi, romlebic 
miRebuli klasifikaciis Tanaxmad [3], 5 mln mosaxleze mets aerTianebs, sakmaod 
rTuli pirobebi iqmneba maTSi dabalemisiebiani da energoefeqturi teqnologiebis 
dasanergad, ganaxlebadi energiebis asaTviseblad, mosaxleobaSi qcevis normebis Se-
sacvlelad da klimatis cvlilebis miTigaciisken mimarTuli sxva RonisZiebebis ef-
eqturi gziT gasatareblad.  

wiaRiseuli sawvavis farTo moxmarebis Sedegad bunebasa da adamians Soris 
warmoqmnili konfliqtis gadaWris gzaze gadadgmul pirvel nabijad SeiZleba 
CaiTvalos `merebis SeTanxmeba~. igi evrokavSiris bolo gadawyvetilebis Tanaxmad 
masTan nebayoflobiT mierTebuli TviTmmarTveli qalaqebis xelmZRvanelobas 
avaldebulebs 2030 wlisTvis Seamciros Tavisi teritoriidan saTburis gazebis 
emisia 40%-iT qalaqis transportidan, samrewvelo sawarmoebidan, Senobebidan, gare 
ganaTebis sistemidan, narCenebidan/nagavsayrelebidan da naxmari wylebidan, agreTve 
moiTxovs qalaqis farglebSi gamwvanebis RonisZiebaTa gatarebas atmosferuli 
haeridan naxSirorJangis STanTqmis gaZlierebisa da mwvane zonebSi naxSirorJangis 
maragebis gazrdis mizniT, mosaxleobis cnobierebis donis amaRlebas zemoT 
CamoTvlil RonisZiebaTa efeqturi ganxorcielebis xelSesawyobad [2]. 

saqarTveloSi didi qalaqebis kategorias, mosaxleobis raodenobis gaTvalis-
winebiT (1 mln-ze meti), mxolod Tbilisi miekuTvneba, ris gamoc adaptirebisa da 
dabalemisiebiani ganviTarebis problemebi upirvelesad am qalaqisTvis unda iqnas 
ganxiluli, miuxedavad imisa, rom 2016 wlisTvis `merebis SeTanxmebas~ kidev 8 qalaq-
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ma (quTaisma, baTumma, zugdidma, Telavma, gorma, axalcixem, mcxeTam  da bolnisma) 
moawera xeli da TiToeuli maTganisaTvis individualurad damuSavda energetikis 

mdgradi ganviTarebis samoqmedo gegma (SEAP) Tbilisis gegmis analogiuri sqe-
miT,romelic merebis SeTanxmebaSi monawileobis ZiriTad dokuments warmoadgens.  

Tbilisi merebis SeTanxmebis xelmomweri qalaqi gaxda 2010 wels da aiRo val-
debuleba Tavisi teritoriidan sul mcire 20%-iT Seemcirebina saTburis gazebis em-
isiebi 2020 wlisTvis. 2011 wels Tbilisma warudgina merebis SeTanxmebis samdivnos  
samoqmedo gegmis sawyisi versia da Caatara saTburis gazebis pirveli inventariza-
cia, xolo 2014 wels _ emisiebis meore inventarizacia.  

2015 wlisTvis momzadda Tbilisis sawyisi SEAP-is monitoringis angariSi [4] da 
2020 wlamde dagegmil samuSaoTa SEAP-isganaxlebuli versia [5]. monitoringis anga-
riSSi Sevida zemoT xsenebuli orive inventarizaciis monacemebi da qalaqis ekonom-
ikis sxvadasxva modulebSi (transportis, Senobebis, gare ganaTebis, narCenebis, gam-
wvanebis) saTburis gazebis  emisiis cvlilebaze monitoringis masalebi, cnobierebis 
amaRlebis Sedegebi, agreTve TiToeul seqtorSi ganxorcielebuli emisiebis Semci-
rebis RonisZiebaTa aRweriloba. kerZod, monitoringis angariSis Tanaxmad 2014 wels 
2009 welTan SedarebiT jamuri emisiebi transportis seqtoridan Semcirda  12.6%-iT, 
xolo Senobebis seqtoridan _ mxolod 1,2%-iT. gare ganaTebis seqtoridan emisiebi 
gaizarda 4.4%-iT da narCenebis seqtoridan _ 9.7%-iT. gamwvanebis seqtorSi aRiricxa 

sekvestrirebuli naxSirbadis maragebis yovelwliuri mateba 71.5 aTasi t C-iT. 
pirvel etapze miRebuli mokrZalebuli Sedegebi ganpirobebulia transportisa da, 
gansakuTrebiT, Senobebis seqtorSi sakmarisi investiciebis uqonlobiT.  

2020 wlamde dagegmil ganaxlebul SEAP-Si moyvanilia im RonisZiebaTaA vrceli 
sia, romelTa ganxorcieleba momavalSi xels Seuwyobs ganxiluli seqtorebidan 
emisiebis Semcirebas da romlebic SeiZleba ganixilebodes rogorc merebis 
SeTanxmebis farglebSi Tbilisis mier aRebul valdebulebaTaA Sesrulebis gzaze 
gadadgmuli pirveli qmediTi nabiji. 

didi qalaqebis nawili, globaluri masStabiT, sakmaod mowyvladia bunebrivi 
katastrofebisa da teqnogenuri avariebis mimarT, rac seriozul siZneleebs uqmnis 
am qalaqebis mdgrad ganviTarebas da energetikis mdgradi ganviTarebis gegmebis 
efeqtur ganxorcielebas. saadaptacio RonisZiebebis gareSe SeuZlebeli iqneboda 
didi qalaqebis naqsimaluri dekarbonizacia. 

merebis SeTanxmebis xelmomweri saqarTvelos qalaqebisTvis Catarebulma Sefa-
sebebma aCvena, rom maT winaSe mdgari klimaturi riskebidan mTavari adgili uWiravs 
uxv naleqebs da maTTan dakavSirebul eqstremalur movlenebs _ wyaldidoba/wyal-
movardnas, Rvarcofsa da mewyers, Zlier qarebs, setyvasa  da, Stormul movlenebs 
(baTumSi). 
 Qqalaqi Tbilisi mdebareobs qvabulSi md. mtkvris xeobis gaswvriv, romelsac 
sxvadasxva adgilas uerTdeba mtkvris momcro Senakadebis _ gldanulas, diRmis-
wylis, veres, wavkisiswylisa da loWinis xeobebi. naleqTa dReRamuri maqsimumi Tbi-
lisis farglebSi 1955 w. agvistos TveSi dafiqsirda da Seadgina 147 mm, xolo na-
leqTa maqsimaluri xangrZlivoba zafxulis TveebSi SeiZleba  aRwevdes 110-120 saaTs 
[6]. cxadia, naleqTa aseTi reJimis pirobebSi Tbilisis amJamindel teritoriaze ar-
sebuli yvela xeoba da xevi SesaZlebelia RvarcofsaSiSi da mewyersaSiSi gaxdes. 
amis saukeTeso magaliTs warmoadgens md. veres xeoba, sadac periodulad fiqsirde-
boda katastrofuli wyalmovardnebi Tanmdevi msxverpliTa da materialuri zara-
liT (1898, 1903, 1924, 1942, 1956, 1960, 1963, 1966, 1976, 1982, 1997, 2009). aRniSnul wlebSi 
mdinaris xarji, romlis mravalwliuri mniSvneloba 1 m/wm Seadgens, xSirad aRwevda 
da aRemateboda 100m3/wm.  
 gansakuTrebuli simZafriT gamoirCeoda Tbilisis 2015 wlis 13 ivnisis wyalmo-
vardna mdinare veres xeobaSi. mdinaris xarjma miaRwia arnaxul maqsimums – 468 m/wm 
[7]. sof. axaldabis maxloblad Camowva mewyeri, romelmac gamoiwvia vake-saburTalos 
gvirabis Caxergva.  stiqiam 22 adamianis sicocxle Seiwira da 200-ze meti usaxlka-
rod datova. TiTqmis mTlianad ganadgurda Tbilisis zooparki, sanaxevrod daingra 
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vake-saburTalos damakavSirebeli estakada, wylis qveS moeqca veres xeobaSi mdebare 
saxlebi. adidebulma  mdinarem mTlianad gaanadgura agreTve  Tsu hidrometeorol-
ogiuri laboratoria. stiqiis Sedegad miyenebulma materialurma zaralma daaxlo-
ebiT 50 mln lari Seadgina.aseve didi zarali miayena qalaqis infrastruqturas ram-
denime wlis win md. gldanulaze ganviTarebulma wyalmovardnam da momavalSic ar 
aris gamoricxuli msgavsi katastrofebi, Tu ar Catarda qalaqis calkeul ubnebSi 
RvarcofsaSiSi da mewyersaSiSi kerebis aRmoCenisa da gauvnebelyofis mizniT saTa-
nado RonisZiebebi (adreuli Setyobinebis sistemis Seqmna, rkinabetonis gamWoli 
konstruqciebis ageba da sxv.). 

 klimatis mimdinare daTbobის uaryofiTi gavlena qalaqebze, Tavismxriv,gazrdil 

moTxovnebs uyenebs dekarbonizaciis RonisZiebebs. kerZod, 2015 wels md. veres xeoba-
Si momxdarma tragediam cxadyo transportis seqtorSi klimaturi riskebis arasakma-
risi SefasebiT gamowveuli Secdomebis zemoqmedeba qalaqis sagzao infrastruqtu-
raze, ris gamoc anomalurad gadaitvirTa moZraoba mtkvris marjvena sanapiroze da 
mniSvnelovnad gaizarda xergilebSi moqceuli avtomanqanebidan gamonabolqvi gaze-
bis emisiebi.  
 gamwvanebis seqtorSi klimaturi riskebis gauTvaliswineblobas Tan sdevs mwvane 
safaris SerCevaSi daSvebuli Secdomebi. rogorc Cans, nawilobriv amiT SeiZleba 
aixsnas Tbilisis SemogarenSi masiuri xmobis faqtebi fiWvis nargavebisa, romlebic 
ufro gvalvagamZle jiSebiT unda Sevsebuliyo Tbilisis mwvane safaris SesanarCu-
neblad.  
 klimatis cvlilebasTan adaptirebis erT-erT RonisZiebad unda CaiTvalos ag-
reTve Tbilisis  SemogarenSi Sesabamisi sarwyavi infrastruqturis mowyobac, rac 
Tanamedrove teqnologiebis gamoyenebiT uzrunvelyofda mwvane safaris normalur 
ganviTarebas, mwvane zonebis gafarTovebas da garemoSi naxSirbadis dagrovebas. sxva 
SemTxvevaSi qalaqis gamwvanebaze gaweuli danaxarjebi fuWad SeiZleba CaiTvalos.  
 sxva klimaturi riskebidan qalaqis infrastruqturaze epizodurad SesamCnev gav-
lenas axdens Zlieri qarebi1 da didi Tovli (baTumi), ris, Sedegadac xSirad xan-
grZlivi periodiT ver xerxdeba mosaxleobisaTvis eleqtro energiis miwodeba da 
aseT dros xdeba maRali karbonSemcveli sawvavis (saliarka, qvanaxSiri da sxv.) ga-
moyeneba mosaxleobis mier, rac aseve zrdis emisias. 
 klimatis cvalilebasTan adaptirebis RonisZiebebidan mniSvnelovani roli miuZ-
Rvis agreTve sazogadoebis cnobierebis amaRlebis faqtorsac, romelic unda uz-
runvelyofdes qalaqis mwvane safaris movlis xelSewyobas da mcenareebisadmi sa-
TuT damokidebulebas. 
 TbilisTan dakavSirebuli klimaturi riskebidan aRsaniSnavia agreTve Tburi 
talRebi, romlebic garkveul safrTxes uqmnis qalaqis mosaxleobis nawils, gansa-
kuTrebiT xandazmulebsa da bavSvebs. aRniSnuli riskis uaryofiTi zegavlenis Se-
samcireblad  didi mniSvneloba eniWeba mwvane zonebisa gafarToebas da e.w. `ekol-
ogiuri kunZulebis~ mowyobas, ris tendenciac qalaqis totaluri ganaSenianebis pi-
robebSi, samwuxarod, ar aRiniSneba.  
  danarCeni klimaturi riskebi (elWeqi, gvalva) Tbilisis pirobebSi gansakuTre-
buli simZafriT ar vlindeba, Tumca xangrZlivi gvalvis pirobebSi garkveuli siZne-
leebi eqmneba wyalmomaragebas, izrdeba dawola wyalsaqaCebze da izrdeba eleqtro 
energies moxmareba. Qq. Tbilisis SemTxvevaSi, momavalSi, am problemis dasaZlevad 
SesaZlebeli iqneba, albaT, md. xramis wylis resursebis gamoyeneba. 
  Senobis seqtorSi saxlebis kedlebis agebisa da gadaxurvis dros Termoiz-
olaciis moTxovnebis ugulebelyofa iwvevs gaTbobasa da gagrilebaze gaweuli 
energetikuli danaxarjebis SesamCnev zrdas, rac saboloo jamSi saTburis gazebis 

                                                           
1Zlieri qarebi gansakuTrebiT qalaqis gareubnebSi vlindeba, mag. Tbilisis aeroportis mimdebare 

teritoriaze, diRomsa da avWalaSi. aeroportis midamoebSi maqsimaluri raodenoba  dReebisa Zlieri 

qariT SeiZleba aRwevdes 177 weliwadSi, xolo qaris udidesi siCqare yovelwliurad SesaZlebelia 

Seadgendes 49 m/wm da 20 weliwadSi  erTxel – 65 m/wm. 
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emisiis gazrdaze aisaxeba. amasTan erTad, axali saxlebis mSeneblobisas Termoiz-
olaciasTan erTad saTanado yuradReba unda eqceodes iseTi energetikuli RonisZi-
ebebis danergvas, rogoricaa ganaTebis sensoruli sistemebis damontaJeba, mzis 
energiis gamoyeneba cxeli wyliT momaragebisaTvis da sxv. Tburi talRebis six-
Sirisa da intensivobis zrdis pirobebSi, Zlieri qarebisa da temperaturis eqstre-
maluri cvlilebis dros Senobebis Termoizolaciis xarisxi gadamwyvet rols as-
rulebs energodanaxarjebisa da, Sesabamisad, saTburis gazebis emisiis SemcirebaSi. 
  dasasrul SevniSnavT, rom globaluri masStabiT dekarbonizaciis politikis 
winaSe dgas mTeli rigi fundamenturi barierebisa, romelTagan umniSvnelovanesia 
globaluri energetikis amJamindeli damokidebuleba wiaRiseul sawvavze. dekarboni-
zaciisken mimarTuli aqtiuri qmedebebi gamoiwvevs sawvavis mopovebasa da damuSave-
basTan dakavSirebuli mrewvelobis dargebis garkveul Sekvecas, rac am dargebSi 
dasaqmebuli uamravi adamianebisa da maTi ojaxis wevrebis bedze aisaxeba didi so-
cialuri stresebiT. es procesi gamoiwvevs agreTve wiaRiseuli sawvaviT mdidari sa-
xelmwifoebisa da mompovebel-gadamamuSavebeli korporaciebis Semosavlebis Semci-
rebas, ris gamoc isini kompensacias iTxoven. garkveuli siZneleebi iqneba mosalod-
neli agreTve wiaRiseul sawvavTan dakavSirebuli teqnologiebis alternatul vari-
antebze gadasvlis gamo, rac did materialur danaxarjebs moiTxovs axali teqno-
logiebis danergvisa da personalis gadamzadebis aucileblobis gaTvaliswinebiT. 
swored amiT aris ganpirobebuli is uzarmazari Tanxa (100 mlrd aSS dolari), rom-
lis gamoyofac aris dagegmili `parizis xelSekrulebis~ ganxorcielebis uzrun-
velsayofad. 
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uak 551.521;631.67;662.997 
klimatis cvlilebasTan qalaq Tbilisis adaptirebis aqtualuri sakiTxebi.  

/b. beritaSvili, n. kapanaZe, a. sixaruliZe, m. SvangiraZe./saqarTvelos teqnikuri 
universitetis hidrometeorologiis institutis SromaTa krebuli-2016.-t.123.-gv.39-43.-
qarT. rez: qarT.,ingl., rus. 

ganxilulia 2016 wlis 22 aprils gaeros specialur sesiaze msoflio ekonom-
ikis dekarbonizaciis mizniT miRebuli gadawyvetileba, romelic gamiznulia saTbu-

ris gazebis emisiis SemcirebiT globaluri daTbobis 2100 wlisTvis 1.5 - 2 oC done-
ze SesaCereblad. globalur emisiebSi didi qalaqebis wvlilis gaTvaliswinebiT 
xazgasmulia maTi roli am gadawyvetilebis ganxorcielebis saqmeSi. moyvanilia `me-
rebis SeTanxmebis~ farglebSi 2011-2014 wlebSi TbilisSi energetikis mdgradi ganvi-
Tarebis samoqmedo gegmis Tanaxmad Catarebuli saqmianobis Sedegebi. daxasiaTebulia 
am samuSaoTa winaSe mdgari klimaturi riskebi da ekonomikis sxvadasxva seqtorebSi 
maTTan adaptirebis gzebi.  
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UDC 551.521;631.67;662.997 

Urgent problems  of adaptation to climate change of the city of Tbilisi./Beritashvili B., Kapanadze  N., 

Sikharulidze A.,Shvangiradze M./ Transactions of the Institute of Hydrometeorology at the Georgian Technical 

University. -2016. - v.123. – pp.39-43. -Georg.; Summ. Georg.; Eng.; Russ. 

The decision of 22 April 2016  by the UN Special session on decarbonization is discussed, aimed at the 

limitation to 2100 of global warming by 1.5-2 oC through the mitigation of GHG emissions. Considering 

significant share of large cities in global emissions their important role in implementing this decision is 

underlined. The results of activities undertaken according to Tbilisi SEAP in 2011-2014 in the frames of 

Covenant of Mayors are presented. Climate risks threatening these activities are featured and main directions of 

adapting to them in different sectors of city economy are described.  

 

УДК 551.521;631.67;662.997 
Актуальные вопросы  адаптирования к изменению климата города Тбилиси. /БериташвилиБ. Ш., 

КапанадзеН. И.,  Сихарулидзе А. Д., .Швангирадзе М. Я./Сб. ТрудовИнститутаГидрометеорологииГру-

зинскогоТехническогоУниверситета. –2016. – т.123. – с.39-43. – Груз .; Рез. Груз., Анг.,Рус. 

Рассмотрено решение специальной сессии ООН от 22 апреля 2016 года, направленное на 

декарбонизацию глобальной экономики, которое ставит целью приостановление к 2100 году 

глобального потепления на уровне 1.5 - 2 oC путем уменьшения выбросов тепличных газов. С учётом 

вкпада крупных городов в глобальные эмиссии подчёркнута их роль в осуществлении этого решения. 

Представлены результаты работ, проведенных в 2011-2014 годах для выполнения в Тбилиси Плана 

устойчивого развития энергетики в соответствии с Соглашением Мэров. Охарактеризованы 

климатические риски, стоящие перед осуществлением этих работ и отмечены основные пути 

адаптирования к ним в различных секторах экономики города.  
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uak 551.583 
qaris reJimis Seswavla bolo 50 wlis ganmavlobaSi, quTaisis regionisTvis, 

statistikuri mdgradobis parametrebis gamoyenebiT 

xvedeliZe z., samxaraZe i., zotikiSvili n., SalamberiZe T. 
saqarTvelos teqnikuri universitetis hidrometeorologiis instituti, 

Tbilisi, saqarTvelo zurab.khvedelidze@tsu.ge 
Sesavali 
kacobriobas yoveldRiur cxovrebaSi nebiT Tu uneblieT urTierToba aqvs haeris 
nakadis dinebasTan _ qarTan. es urTierToba iwyeba cxovrebis komfortuli 
pirobebiT da zogjer, mTavrdeba arasasiamovnod _ Zlieri qarebis SemTxvevaSi. 
amdenad, qaris roli mniSvnelovania, mas gaaCnia rogorc dadebiTi, aseve uaryofiTi 
Sedegebi: qari iwvevs mniSvnelovan ngrevas 10-12 m/wm siCqaris drosac ki, azianebs  
eleqtrogayvanilobas da kavSirgabmulobis saSualebebs; 35 m/wm siCqaris zemoT 
zians ayenebs kapitalur Senobebs; ar arsebobs Senoba-nageboba, romelic uZlebs 90 
m/wm siCqaris qars [1-8]. qaris  siCqaris da mimarTulebis cvlileba erT-erTi mTavari 
faqtoria amindis CamoyalibebaSi; igi  aris  energetikis  sufTa wyaro. adamians 
komfortulad  arsebobis saSualeba aqvs 2-3 m/wm  siCqaris qaris dros [9,10]. 
Sromis mizania qarze, bolo 50 wlis meteorologiuri dakvirvebis masaliT 
davaxasiaToT misi reJimi saqarTvelos sxvadasxva teritoriaze.  
warmodgenil SromaSi moyvanilia mxolod quTaisis regionze gabatonebuli qaris 

reJimis Seswavla statistikuri midgomiT.Qქaris velis daxasiaTebisaTvis pirvelad 

iqnა SemoTavazebuli e. w. dinamiuri da Termuli parametrebis gamoTvla da analizi. 
rogorc cnobilia, am parametrebs aqvT saxe: 

 
სadac, B aris dinamikuri mdgradobis parametri, A – Termuli mdgradobis parametria. 

[4,5,7] formulebidan Cans, rom saWiroa meteorologiuri elementebis mravalwliuri 
monacemebis statistikuri damuSaveba da maTi  eqstremaluri mniSvnelobebis codna. 
SerCeuli iqna Termiuli da dinamikuri pirobebiT gansxvavebuli regionebi, am 
etapze quTaisis regioni damuSavda da moxda qaris reJimis daxasiaTeba. moviyvanoT 
zogierTi cxriluri da diagramuli maCveneblebi. 

cxrili 1. 16-20 gradaciebis  ganmeorebaTa ricxvi Tveebis da wlebis 
mixedviT, quTaisis regionisaTvis 

 

I II III IV V VI VII VIII IX X XI XII საშ. 

1960 16 7 2 2 10 0 6 0 5 7 23 13 7,6 

1961 10 1 2 2 2 3 1 2 2 27 3 5 5 

1962 18 16 8 3 7 4 1 4 16 7 25 12 10 

1963 6 14 8 9 14 0 0 9 6 6 9 2 7 

1964 2 11 9 3 0 2 0 0 9 14 3 14 5,6 

1965 27 11 12 11 11 0 0 12 11 4 4 11 9,5 

1966 9 0 14 30 21 7 0 2 9 24 40 24 15 

1967 8 29 23 19 20 5 0 0 11 15 26 17 14,4 

1968 17 18 27 29 21 6 1 11 17 30 17 33 19 

1969 40 14 18 11 5 7 9 19 11 5 22 21 15 

1970 35 26 29 26 14 11 6 0 11 17 8 11 16,1 

1971 22 15 21 15 26 0 5 6 13 5 3 3 11,2 

1972 27 25 17 20 11 2 15 25 13 7 14 11 15,6 

1973 18 6 13 15 5 3 1 12 18 13 4 5 9,4 

1974 24 34 48 21 5 1 5 11 32 50 19 9 21,6 

1975 7 21 13 16 6 14 2 7 7 29 20 20 13,5 
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1976 3 11 29 13 3 0 1 0 3 14 33 23 11,1 

1977 33 19 7 13 12 4 3 6 6 8 3 2 9,7 

1978 9 30 11 40 14 1 9 4 13 6 3 4 12 

1979 16 14 13 18 50 6 0 11 16 7 39 4 16,2 

1980 18 13 33 2 8 7 9 3 9 23 4 9 11,5 

1981 37 21 10 6 8 0 7 0 13 33 7 30 14,3 

1982 5 5 27 13 22 9 4 0 7 17 12 7 10,7 

1983 4 9 10 0 17 0 0 2 5 8 8 14 6,4 

1984 23 53 36 15 20 5 0 0 9 4 8 30 17 

1985 15 0 16 17 13 0 2 11 2 14 14 6 9,2 

1986 9 29 27 17 1 0 0 9 0 1 1 15 9 

1987 18 15 14 11 7 0 1 6 1 48 20 3 12 

1988 3 20 18 9 6 0 0 4 14 35 6 3 9,8 

1989 0 0 12 6 1 2 1 6 10 9 31 3 6,7 

1990 6 3 1 9 19 5 0 0 11 14 2 24 7,8 
 

 

nax.1.  16-20 gradaciebis ganmeorebaTa ricxvis saSualo mniSvnelobebi wlebis  
mixedviT. 

 

am naSromSi mTavari yuradReba mieqca qaris ganmeoradobas (16-20) m/wm siCqaris  
intervalSi da mis cvlilebas 5 da 10 wliani periodebisaTvis, aseve regionze qaris 
gabatonebuli mimarTulebis gamoyofas. 

 

cxrili 2. xuTwliani da aTwliani SualedebiT qaris eqstremaluri mniSvnelobebi 

5-wliani  Sualedi Tve dRe Vmaqs. 5-wliani Sualedi 
V 

maqs. 

V min. 

min. maqs. 

1960-1964/1964 XII 8/9 40 / 40 1960-1964 40 1 14 

1965-1969/1969 I 6 43 1965-1969 43 1 10 

1970-1974/1970 III 10 39 1970-1974 39 2 18 

1975-1979/1978 II 6/7 42/42 1975-1979 42 1 8 

1980-1984/1984 II 7 37 1980-1984 37 2 10 

1985-1990/1988 I 11 32 1985-1990 32 2 10 
saS.   39 saS. 39 2 12 

10-wliani Sualedi    10-wliani ualedi    

1960-1969  /  1969 I 6 43 1960-1969 43 1 10 

1970-1980  /  1970 III 10 39 1970-1980 39 1 8 

1981-1990  /  1984 II 7 37 1981-1990 37 2 10 
saS.   40 saS. 40 1 9 
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nax.2. qaris maqsimaluri mniSvnelobebi 

 
 

 

 

 

 

 

 
 
 
 
 

 

nax.4. Ddinamikuri da Termuli mdgradobis koeficientebis ganawileba 
1984-2014 wlebisaTvis (qaris siCqare V>25 m/wm). 

 

 
Nnax. 5. Qqaris maqsimaluri siCqaris (25 m/wm –s zemoT) ganawileba 
 wlebis mixedviT quTaisis regionisaTvis 
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quTaisis regionze ganisazRvra qaris gabatonebuli mimarTuleba eqvs punqtSi, aigo 
saTanado qaris `vardebi~ Tveebisa da saSualo wliuri mniSvnelobebisaTvis. 
(ixileT grafikebi) 
0 5 16 17 16 5 46 0 

 
0 0 36 8 0 0 51 5 

 
0 2 27 0 0 17 46 3 

 
0 0 49 4 0 0 43 4 

 
5 2 33 0 0 12 50 0 

 
0 5 21 6 0 20 44 4 

 
 

daskvnebi: 
a) 16-20 m/wm qaris siCqaris mniSvnelobebi maqsimaluria martSi, aprilSi da 

noemberSi. xolo minimaluria zafxulSi, kerZod ivnisSi. yvelaze didia qaris 
siCqareTa mniSvnelobebi 16-20 m/wm intervalisaTvis, xolo SedarebiT iSviaTi qarebi 
gvaqvs qaris siCqaris 25-29 m/wm SualedisaTvis. 
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b) am diapazonis qaris siCqare wlebis mixedviT iwvevs wanacvlebas erTi Tvis 
farglebSi, mag. 1960 wels maqsimaluri qari iyo martSi, aprilSi da dekemberSi. xolo 
1961 wels maqsimaluri qari dafiqsirda ianvarSi, TebervalSi da seqtemberSi. 

გ) rogorc qaris siCqareebze Catarebulma analizma aCvena, qaris siCqareebi 25-40 m/wm-is 

intervalSi dafiqsirebulia, ZiriTadad Teberval-martSi da oqtomber-noemberSi, Tumca 
aris gamonaklisi SemTxvevebic. mag. 1992 da 1995 wlebSi  maisisa da ivlisis TveSi, qaris 
maqsimaluri siCqare aris 28 m/wm, analogiurad  2002 wels mais-ivlisis TveSi qaris 
siCqaris maqsimaluri mniSvnelobaa 30 m/wm. 
d)  gaanalizebuli iqna 15 m/wm siCqareze meti qaris gradaciebi 5 m/wm intervaliT, maTi 
ganmeoradoba 5 da 10 wliani periodiT. am gradaciebis mdgradobis parametrebi 

ganisazRvra da gairkva Tanafardoba siCqaresa da A da B parametrebs Soris. 
e) aRmoCnda, rom mdgradobis parametrebi maqsimums aRweven ianvar-martSi, minimums 
oqtomberSi, principSi qaris siCqaris cvlilebis Sesabamisad. dasabuTda, rom 
quTaisis regionSi yvelaze xSiria (16-20) m/wm siCqaris qari, xolo gabatonebuli 
mimarTulebaa dasavleT-aRmosavleTi.  
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uak 551.583 
qaris reJimis Seswavla bolo 50 wlis ganmavlobaSi, quTaisis regionisTvis, 
statistikuri mdgradobis parametrebis gamoyenebiT /xvedeliZe z., samxaraZe i., 

zotikiSvili n., SalamberiZe T,/saqarTvelos teqnikuri universitetis hidrome-
teorologiis institutis SromaTa krebuli, 2016, t.123,gv.44-49. qarT. rez. qarT., 
ingl., rus. 
qaris reJimis Seswavlas ama Tu im teritoriaze, cxadia didi Teoriuli da 
praqtikuli mniSvneloba aqvs, gamomdinare misi mravali Tvisebis praqtikuli 
Tvalsazrisidan. es sakiTxi yovelTvis aqtualuri iyo da aseve rCeba, gansakuTrebiT 
mTa-goriani regionebisaTvis. Sromis mizania, bolo 50 wlis meteorologiuri 
dakvirvebebis masaliT, daxasiaTebuli iqnas qaris reJimi saqarTvelos calkeuli 
regionebisaTvis. ganixileba quTaisis regionze gabatonebuli qaris bunebis 
Seswavla statistikuri midgomiT. aRmoCnda, rom mdgradobis parametrebi maqsimums 
aRweven ianvar-martSi, minimums oqtomberSi, principSi qaris siCqaris cvlilebis 
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Sesabamisad. dasabuTda, rom quTaisis regionSi yvelaze xSiria (16-20) m/wm siCqaris 
qari, xolo gabatonebuli mimarTuleba aris dasavleT-aRmosavleTi.     
 

UDC 551.583 
Study of Wind Regime for Kutaisi region over the past 50 years, by using the parameters of statistical 

stability./Z.Khvedelidze, I.Samkharadze, N.Zotikishvili, T.Shalamberidze/Tansactions of the of 

Hydrometeorology of Georgian Technical University. 2016, vol123., pp.44-49, Geo., Summary, Geo., Eng., 

Rus.   
The study of the wind regime in a given territory, of course, has a great theoretical and practical 

importance, based on the practical point of view of its many properties. This issue has always been, and 

remains actually especially for mountainous regions. The aim of the work is based on the materials of 

meteorological observations over the past 50 years to be characterized of the wind regime for certain 

regions of Georgia. We consider the study of the nature of the wind of the Kutaisi region, taking into 

account the statistical approach. It had been revealed that the parameters of stability rechs to peak in 

January-March, the minimum in October, in principle, in accordance with the wind speed changes. It has 

been proved that in the Kutaisi region very often the wind speed reaches to 16-20 m/min., and the 

prevailing direction is west-east.  

 

УДК 551.583 

ИЗУЧЕНИЕ РЕЖИМА ВЕТРА ДЛЯ КУТАИССКОГО РЕГИОНА В ТЕЧЕНИИ ПОСЛЕДНИХ 50 ЛЕТ 

С ИСПОЛЬЗОВАНИЕМ ПАРАМЕТРОВ СТАТИСТИЧЕСКОЙ УСТОЙЧИВОСТИ (Хведелидзе З., 

Самхарадзе И., Зотикишвили Н., Шаламберидзе Т./ Сб. Трудов Института Гидрометеорологии 

Грузинского Технического университета. 2016, Т.123 ,с.44-49, Груз. Рез. Груз., Англ., Рус. 

Изучение  режима ветра на той или иной территории, естественно, имеет большое теоретическое и 

практическое значение, исходя, с практической точки зрения, из его многочисленных свойств.  Этот 

вопрос всегда являлся и остается актуальным, особенно для горных регионов. Целью работы, 

основываясь на материалах метеорологических наблюдений за последние 50 лет, является 

характеристика режима ветра для отдельных регионов Грузии. Рассматривается изучение природы 

ветра, господствующего в Кутаисском регионе, с учетом статистического подхода. Оказалось, что 

параметры устойчивости достигают максимума в январе-марте, минимума – в октябре, в принципе, в 

соответствии с изменениями скорости ветра. Было обосновано, что в Кутаисском регионе особенно 

часто скорость ветра достигает 16-20 м/мин., а господствующим направлением является западно-

восточное. 
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uak. 551.551.1, 551.575-6 

Rrublebis ansamblisa da fionebis ricxviTi modelireba 

gelaZe g. S., begaliSvili n. a. begaliSvili n. n. 
saqarTvelos teqnikuri universitetis hidrometeorologiis instituti. 
 

rogorc cnobilia, saqarTvelosTvis metad aqtualuria mezometeorologiuri, 
kerZod, notio procesebis (Rrubeli, nisli, fionebi) Seswavla. gansakuTrebiT yu-
radsaRebia am procesebis ricxviTi modelireba, romelTa saSualebiT SesaZlebelia 
maTi prognozireba, maTze xelovnuri zemoqmedeba, finansurad Zviri, teqnikurad da 
ekologiurad rTuli da saSiSi procesebis imitireba „qaRaldze“. TavisTavad es 
dargi metad mniSvnelovania hidrometeorologiis, ekologiis, soflis meurneobis, 
sazRvao-saaviacio meteorologiisa da sxva sferoebisaTvis. aseve aRsaniSnavia am sa-
muSaoebis warmoeba dRevandeli saqarTvelosa da globaluri daTbobis fonze. 

mocemul naSromSi SevexebiT RrubelTa da nislis ansamblis warmoqmnas, maT ur-
TierTtransformaciasa da fionebs. erTi SexedviT, es sakiTxebi erTmaneTisagan gan-
sxvavebulia, magram yvela am process saerTo safuZvlad udevs  atmosferos Termo-
hidrodinamika, notio procesebi, wylis orTqlis kondensaciis faruli siTbos gamo-
yofa da a. S. 

notio procesebis ansambli da maTi urTierTtransformacia. RrubelTa ansamblis 
Seqmis pirdapiri da ukuprocesi metad aqtualuria naleqebis gamowveva-Sewyvetis 
TvalsazrisiT: gayofisas RrubelTa pireuli izrdeba, Sesabamisad, izrdeba aor-
Tqleba, rac iwvevs Rrublis wylianobis Semcirebas – mis dasustebas da piriqiT, 
RrubelTa ansamblis gardaqmna erTian sistemad zrdis naleqebis mosvlis albaTo-
bas. 

amocanis dasma dawvrilebiT mocemulia Cvens adrindel statiebSi [1-3], amitom si-
moklisaTvis organzomilebian (x-z vertikalur sibrtyeSi) atmosferos mezometeor-
ologiuri sasazRvro fenis (amsf)) da masSi mimdinare procesebis aRmweri gantole-
baTa sistema da Sesabamisi sawyis-sasazRvro pirobebi ar mogvyavs. mogvyavs mxolod 
im fizikuri konstantebisa da amocanis parametrebis mniSvnelobebi, romlebic sxva-

dasxva ricxviT eqsperimentebSi ar icvlebodnen: @=0.033 m2 /(sec.grad), S=0.004 grad/m, 

L=600 cal/g, cp=0.24 cal/(g.grad), = 104 m2/sec, = 10 m2/sec,  fardobiTi tenianoba  f=95 %,   

X=80km,   Z=2km (aRniSvnebi ixileT [1–3] - Si)  
amocanis ricxviTi amoxsnis Sedegad miRebuli gvaqvs amsf-is Termohidrodinamiku-

li, sinotivisa da wylianobis velebis sivrcul-droiTi ganawileba. simoklisaTvis 
aqcents vakeTebT mxolod notio procesebis (Rrubeli, nisli) ansamblze, maT urTi-
erTtransformaciaze.  

a) Rrublisa da nislis erTdrouli arseboba. Cveni modelis saSualebiT 
imitirebul iqna amsf-is iseTi reJimi, roca erTdroulad arsebobs nislica da 
Rrubelic. am dros adgili aqvs Rrublis milevasa da nislis gaZlierebas. 
Rrublisa da nislis erTdrouli arseboba  sainteresoa ara marto lokaluri 
prognozis, aramed ekologiuri TvalsazrisiTac. swored am dros kondensaciis 
faruli siTbos gamoyofa apirobebs ramdenimefeniani temperaturuli inversiis 
gaCenas (RrublisqveSa, Rrubliszeda, nisliszeda da a.S. inversiebi) , romelSic 
adgili aqvs mavne nivTierebaTa akumulacias. am movlenas matveevma uwoda dinamiuri 
warmoSobis inversia. igive SeiZleba iTqvas mravalricxovani  notio procesebis 
ansamblis SemTxvevaSic, romelsac qvemoT ganvixilavT. 

ra Tqma unda, es reJimi miiRweva maRali fardobiTi tenianobis (f=95 %) dros. 

moviyvanoT is parametrebi (= 104 m2/sec, = 10 m2/sec, t=15 sT), romlis drosac gvaqvs 
zemoTaRniSnuli suraTi, nax. 1.  

rogorc naxazidan 1. Cans, 15 saaTisaTvis erTdroulad daimzireba rogorc nisli, 
aseve Rrubeli, Tanac nislis maqsimaluri wylianoba (1g/kg) sWarbobs Rrublisas (0,7 
g/kg).  
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g) Rrublisa da nislis gaerTianebuli vertikaluri kompleqsi. bunebrivia, 
turbulenturi reJimi arsebiT gavlenas axdens amsf-is procesebis CamoyalibebaSi. 
Teoriidan cnobilia da Cvens mier Catarebuli ricxviTi modelirebiTac dadginda, 

rom  -is zrda iwvevs notio velebis horizontalur, xolo  -is zrda vertikalur 
„gaWimvas“. Aqedan gamomdinare, mocemuli modelis saSualebiT SesaZlebelia 
Rrublisa da nislis ara marto erTdrouli arseboba, aramed maTi gaerTianebuli 
vertikaluri kompleqsis simulireba. amis miRweva xorcieldeba fardobiTi 
tenianobisa da turbulenturi reJimis garkveuli pirobebSi, kerZod, rodesac 

fardobiTi tenianoba f=98 %, = 9000 m2/sec, = 10 m2/sec. 

M  
nax.1. Rrublisa da nislis wylianobis v (g/kg) izoxazebi(t = 15 sT ) 
 

nislisa da Rrublis gaerTianeba moxda mxolod viwro, sami RerZuli  
erTwertiliani „yelis“ saSualebiT, nax. 2. amitomac viyaviT iZulebuli, rom agveRo 
izoxazebis didi raodenoba; naxazi rom ar gagverTulebina, izoxazebs ricxviTi 
mniSvnelobebi ar wavawereT. sicxadisaTvis mainc aRvniSnavT, rom Rrublis 
wylianobis maqsimaluri mniSvneloba udris 1,72 g/kg, xolo nislisa ki 1,01 g/kg. rom 
gvqonoda ufro mcirebijiani bade, albaT ufro ganier „yels“ miviRebdiT. Rrublisa 

da nislis gaerTianebuli kompleqsi arsebobda   13 - dan  17 saaTamde. 
 

M  
nax.2. Rrublisa da nislis gaerTianebuli kompleqsis  wylianobis v (g/kg) 

izoxazebi(t = 15 sT ). 
 

d) Rrublebisa da nislis ansambli. ricxviTi eqsperimentebis Sedegad (amocanis 
garkveuli parametrebis SerCevis xarjze – gansakuTrebul aqcents vakeTebT 

horizontalur turbulentobaze = 9000 m2/sec) imitirebul iqna aseTi saintereso 



 
 

52 
 

scenari: rodesac nisli Zlierdeba, is, ZiriTadad,  turbulentobis gamo 
gadafaravs, scdeba „kunZulis“  horizontalur  zomebs. temperaturis dRe-Ramuri 
svlis dros, rodesac qvefenili iwyebs gaTbobas, bunebrivia, siTburi “kunZulis” 
Tavze arsebuli radiaciuli nisli sustdeba, an gadagvardeba fena Rrublad, an 
sulac ganibneva, im dros, roca mis gareT SenarCunebuli gvaqvs nisli. faqtiurad 
adgili aqvs radiaciuli nislis transformacias or dabal fena Rrublad, Semdeg 
ki TviTon gadagvarda fena Rrublad: Nnax. 3. gvaqvs 3 fena Rrubeli da erTi 
radiaciuli nisli, xolo nax. 4. – 4 fena Rrubeli.   

fizikurad aq yvelaferi logikur CarCoSi jdeba, magram meteorologiuri 
dakvirvebebidan amgvari procesi CvenTvis ar iyo cnobili. sainteresoa swored isaa, 
rom es anomaliuri scenari gaTamaSda Cveni ricxviTi modelis saSualebiT. 
vecdebiT momavalSi movipovoT Sesabamisi eqsperimentuli masala.  

 

M  
nax. 3 . Rrublebisa da nislis ansambli (v g/kg, t = 23,2 sT). 

 

M  
      nax. 4. Rrublebis ansambli (v g/kg, t = 23,6 sT). 
 

fionebis axleburi klasifikacia da maTi ricxviTi modelirebis SesaZlebloba. 
meteorologiaSi arsebobs kargad cnobili termini “fioni”. Eesaa daRmavali, Tbili, 
mSrali qari. mas aqtualuri mniSvneloba aqvs mTel rig mezometeorologiur proce-
sebSi: atmosferos Termohidrodinamika, Rrubel-nislwarmoqmna, agrometeorologia; 
is iwvevs saTburis efeqts. fionebis sezonuri da sivrcul-droiTi ganawileba metad 
aqtualuria qalaqis, soflisa da kurortuli dagegmarebisaTvis da a. S. isini Aaseve 
mniSvnelovan rols TamaSoben gaudabnoebis procesebSi, rac mWidro kavSirSia glo-
baluri daTbobis problemasTan. 
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sqematurad ganvixiloT fionis formirebis meqanizmi. Kklasikuri meteorologiid-
an cnobilia, rom aRmasvlisas mSrali haeri (es procesi SeiZleba CaiTvalos mSra-
ladiabatur aRmasvlad) yovel 100 metrze civdeba 1 gradusiT, e. i. mSral adiabatia-

ni gradienti a = 0.01 grad/m. bunebrivia, daRmavali mSrali haeri igive kanoniT gaTbe-

ba, e. i. a = - 0.01 grad/m. rogorc wesi, haeris daRmasvlas ganixilaven mTidan barSi, e. 

w. “Tarodan”, nax. 5. (davuSvaT, mTis simaRle Н =1000 m, mTaze temperatura tH = 10 Сº).  

 
 

nax. 5. fioni. 
 

mSraldiabaturad daRmasvlis Sedegad mTis ZirSi adgili aqvs daTbobas - t0  

gaxda 20 Сº. 
ai, esaa fionis tradiciuli ganmarteba. 
exla ganvixiloT fionis formirebis genezisi ufro srulad: mTaze  haeris 

daRmasvlis garda mxedvelobaSi miviRoT agreTve procesis sawyisi etapi – haeris 
aRmasvlaca da Rrubel- naleqwarmoqmnac. am poziciebidan gamomdinare  Semogvaqvs 
fionebis axleburi klasifikacia mSraladiabaturi, notioadiabaturi da notio-
mSraladiabaturi fionebis saxiT. ganvixiloT TviToeuli dawvrilebiT. 

a) mSraladiabaturi fioni. warmovidginoT mSrali haeris mTaze gadadineba (Н 

=1000 m, aRmasvlisas temperarura mTis ZirSi t1 = 20 Сº). haeris mSraladiabatiani 
aRmasvlisas mTis wverSi is gacivdeba da tH = 10 Сº, xolo mSraladiabatiani 
daRmasvlisas is isev gaxdeba t2 = 20 Сº, e.i. gvaqvs igive temperatura, rac gvqonda mTis 
gadaRma., nax. 6. 

am saxis tradiciul fions vuwodoT mSraladiabaturi. 
b)  notioadiabaturi fioni. notio haeris aRmasvlisas procesi garkveulwilad 

sxvanairad viTardeba: Tu am dros haerma miaRwia kondensaciis dones, adgili aqvs 
wylis orTqlis fazur gardaqmnas (warmoiqmneba Rrubeli), romlis drosac 
gamoiyofa kondensaciis faruli siTbo da amis gamo haeri gaciebis paralelurad 
Tbeba. amitom haeri yovel 100 m-ze civdeba ara 1 gradusiT, aramed 0.6 gradusiT, e. i. 
saqme gvaqvs haeris notioadiabatur gaciebasTan. xazi gavusvaT im faqts, rom 
process vixilavT naleqebis warmoSobis gareSe.  

bunebrivia, haeri mTis gadaRma daeSveba notioadiabatur reJimSi: a = 0.006  grad/m. 

e. i. mTis win, asvlisas  t1 = 20 Cº, mTis Tavze temperatura ufro maRalia (tH = 14 Сº), 

vidre mSraladiabaturi aRmasvlisas,  xolo mTis Ziras gadaRma isev t1 = t2 = 20 Cº.  
amrigad, notioadiabaturi gadadinebisas, nax. 7, temperatura mTis Ziras, gadaRma 

da gadmoRma erTidaigivea  iseve, rogorc mSraladiabatian SemTxvevaSi mxolod im 
gansxvavebiT, rom haeris temperatura mTis Tavze meore SemTxvevaSi ufro metia, 

vidre pirvelSi nax. 6. 
aRvniSnoT, rom orive ganxilul SemTxvevaSi fioni araa mSrali. 
g) notio- mSraladiabaturi fioni. ganvixiloT ufro rTuli scenari: notio 

haeris aRmasvla kondensaciis donis miRwevis Semdeg xorcieldeba notio adiabatur 

reJimSi (в = 0.006 grad/m), ris gamoc Cndeba Rrubeli; mTis Tavze modis naleqi wvimis 
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saxiT da Semdeg ukve mSrali haeri eSveba mTis ZirSi mSral adiabatur reJimSi (a = 

0.01 grad/m).  
am SemTxvevaSi mTis ukan (daSvebisas) adgili aqvs haeris ufro met gaTbobas, 

vidre haeris gaciebas mTis win (aRmasvlisas).  
fionis am saxes vuwodebT notio- mSraladiabaturs, nax. 8. 

ai, swored notio- mSraladiabaturi fionis dros gvaqvs haeris realuri 
gaTboba da “gaSroba”. 

 

 
 
nax. 6. mSraladiabaturi fioni 

 
nax. 7.  notioadiabaturi fioni. 

 
 

 
 

nax.  8. notio- mSraladiabaturi fioni. 
fionis es saxe imiTicaa saintereso, rom Rrublebis SemTxvevaSi kondensaciis 

faruli siTbo gamoiyofa adamianisaTvis miuRwevel radenimekilometrian simaRleze. 
am SemTxvevaSi ki am siTbos gamoyofa xdeba miwis zedapirze, pirdapir “langarze”, 
romlis gaTvaliswineba da gamoyeneba realurad SegviZlia ekologiuri, 
agrometeorologiuri, turistuli da sxva miznebisaTvis 

rac Seexeba fionebis ricxviT modelirebas, aRvniSnavT, rom miuxedavad imisa, 
rom 2-ganzomilebiani amsf-is  Cveneuli modeli brtyelia (haeris mTaze gadadinebas 
ver gaiTvaliswinebs), mainc SeiZleba fionismsgavsi procesebis modelireba. cnobi-
lia, rom konveqcia aris orgvari: Tavisufali da iZulebiTi. klasikuri fionebis 
SemTxvevaSi (haeris mier mTis gadadinebisas aRma-daRmasvla) gvaqvs iZulebiTi 
konveqcia. magram Cveni brtyeli modelis SemTxvevaSic adgili aqvs haeris aRma-
daRmasvlas oRond mTis gamo ki ara, aramed atmosferos Sesabamisi stratifikaciisa 
da qvefenilis temperaturis gamo (amas pirobiTad Tavisufali konveqcia vuwodoT). 
am SemTxvvaSic SesaZlebelia gvqondes samive tipi zemoTmoyvanili fionisa. unda 
vifiqroT, rom Cveni modelis SemTxvevaSi temperaturis veli iqneba ufro gluvi, 
vidre iZulebiTi konveqciisas – am SemTxvevaSi aRmaval da daRmaval denebs Soris 
arsebibs Tboizolaciuri faqtori, mTa. 

notio- mSraladiabaturi fionis (es yvelaze saintereso SemTxvevaa) 

modelirebisaTvis drois im momentSi (t*), romelSic gvaqvs Rrublis maqsimaluri 

wylianoba, programulad vspobT wyals (xelovnurad “mogvyavs” wvima), vanulebT  f 

fardobiT tenianobas, e. i. Tu   t= t*  f = 0.                                                          
ricxviTi realizaciis pirveli Sedegebi damaimedebelia – daimzireba 

SedarebiT Tbili daRmavali haeri.   
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uak. 551.551.1, 551.575-6 
Rrublebis ansamblisa da fionebis ricxviTi modelireba. /gelaZe g. S., begaliSvili 
n. a. begaliSvili n. n./saqarTvelos teqnikuri universitetis hidrometeorologiis 
institutis SromaTa krebuli-2016.-t.123.-gv.50-55.-qarT. rez: qarT., ingl., rus. 

Cvens mier damuSavebuli arastacionaruli atmosferos mezomasStaburi sasaz-
Rvro fenis ricxviTi modelis bazaze simulirebulia notion procesebis (Rruble-
bi, nisli) ansambli. 

statiaSi aqcenti keTdeba notio procesebis urTierTqmedebasa da urTier-
Tgardaqmnaze zemoTxsenebuli ansamblis farglebSi. 

detaluradaa gamokvleuli fionebis genezisi. isini klasificirebulia mSra-
ladiabatur, notioadiabatur da notio-mSraladiabatur fionebad. dasmulia amocana 
fionebis ricxviTi modelirebis Sesaxeb atmosferos brtyeli, organzomilebiani  
mezomasStaburi sasazRvro fenis farglebSi. amocana ricxviTi realizaciis stadi-
azea. miRebulia pirveli dadebiTi rezultatebi. 
 

UDK 551.551.1, 551.575-6 

Numerical simulation of clouds ansamble and  Foehns./ Geladze G. Sh., Begakishvili N. A., Begakishvili N. 

N./ Transactions of the Institute of Hydrometeorology at the Georgian Technical University. -2016. - v.123. – 

pp.50-55. -Georg.; Summ. Georg.; Eng.; Russ. 
The ensemble of humidity processes (fogs, layered clouds) has been simulated on the basis of the numerical 

model of a non-stationary mesoscale boundary layer of atmosphere (MBLA) developed by us. 

In this  work the accent becomes on interaction and interconversion of humidity processes in the above-

stated ensemble. 

Genesis of Foehns is in detail investigated. They are classified on dryadiabatic, mostadiabatic and 

most-dryadiabatic Foehns. It is stated a problem about  numerical modelling of Foehns in frame of  a flat, two-

dimensional  mesoscale boundary layer. The problem is at a stage of numerical realisation. The first 

encouraging results are received. 

 

удк 551.551.1, 551.575 -6 

Численное моделирование облачного ансамбля и фёнов./Геладзе Г. Ш., Бегалишвили Н. А., 

Бегалишвили Н. Н./ Сб. Трудов Института Гидрометеорологии Грузинского Технического 

Университета. –2016. – т.123. – с.50-55 .- Груз .; Рез. Груз., Анг.,Рус. 

На базе разработанного нами численной модели нестационарного мезомасштабного 

пограничного слоя атмосферы симулирован ансамбль влажностных процессов (облака, туман). 

В статье акцент делается на взаимодействие и взаимопревращение влажностных процессов в 

рамках вышеупомянутого ансамбля. 

Детально исследован генезис фёнов. Они классифицированы на сухоадиабатические, 

влажноадиабатические и влажно- сухоадиабатические фёны. Поставлена задача о численном 

моделировании фёнов в рамках плоского, двухмерного мезомасштабного пограничного слоя 

атмосферы. Задача находится на стадии численной рефлизации. Получены первые положительные 

результаты. 
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uak 551.590.21 
kosmosSi da mzeze mimdinare movlenebis kavSiri 

hidrometeorologiur procesebTan 

r.samukaSvili, j.vaCnaZe, c.diasamiZe 
saqarTvelos teqnikuri universitetis hidrometeorologiis instituti 

 
rogorc cnobilia, dedamiwa warmoadgens mzis sistemis erTerT da masTan 

SedarebiT axlo myof planetas. rogorc bolo periodis gamokiTxvebma aCvena, 
dedamiwa imyofeba mzis gvirgvinis zeda nawilSi. igi faqtiurad moZraobs mzis 
gvirgvinidan gamotyorcnili plazmiT dakavebul sivrceSi [1]. 

amJamad mecnierebaSi, rogorc aqsioma, arsebobs Sexeduleba, rom samyaro aris 
erTiani, mTliani da masSi mimdinare yvela movlena (bioturi, abioturi) fizikurad 
dakavSirebulia erTmaneTTan. dedamiwis atmosferoze, hidrosferoze da 
liTosferoze mudmivad moqmedeben kosmosuri sivrcidan mZlavri faqtorebi (maT 
Soris mizidulobis Zalebic); mzidan da kosmosuri sivrcidan wamosuli 
radiaciebis nakadebi, eomlebic warmoadgenen sxvadasxva sigrZis talrebis 
eleqtomagnitur rxevebs. dedamiwaze kosmosidan ecema agreTve disocirebuli 
materiis uwvrilesi nawilakebi: eleqtronebi, ionebi da korpuskulebi, romlebsac 
gaaCnia didi energia. aRsaniSnavia, rom rogorc aqtiuri da araaqtiuri mzis 
gamosxiveba, aseve kosmosuri sxivebi warmoadgenen energiis im mTavar wyaros 
romlebic moqmedeben dedamiwaze mimdinare hidrometeorologiur procesebze. 

mzis aqtivobis zemoqmedeba dedamiwis geografiul garsze warmoadgens 
swrafad ganviTarebadi mecnierebis erTerTi dargis-heliogeofizikis-kvlevis sagans. 
heliogeofizika organulad aerTianebs dedamiwis Semswavlel iseT dargebs, 
rogoricaa heliofizika da geofizika (geografia). rogorc cnobilia, mzis 
aqtivobis periodSi adgili aqvs rentgenis, ultraiisfer da radiotalRebis (1m-is 
diapazonSi) gamosxivebis intensivobis mkveTr zrdas pasiur mzesTan SedarebiT [2,3,4]. 
garda amisa, aqtiuri mzidan modian eleqtrobiT damuxtuli nawilakebi 
(korpuskulebi), romlebis siCqare aRemateba e.w. parabolur siCqares (617km/wm). am 
siCqariT nawilakebi gadalaxaven mzis mizidulobas da gadian planetaTSoris 
sivrceSi. dedamizis atmosferoSi moxvedrisas isini iwveven geomagnitur qariSxlebs 
da polarul naTebas. garda amisa, mzidan gamotyorcnili korpuskulebi iwveven 
Zalian didi gamWvalavi (SemRwevi) unarianobis pirveladi kosmosuri sxivebis 
intensivobis zrdas, romlebic dedamiwisaken moemarTebian samyaros siRrmeebidan. 
cnobilia, rom pirveladi kosmosuri sxivebi warmoadgenen sxvadasxva qimiuri 
elementebis (umTavresad msubuqi elementebis) atomebis birTvebis nakads, romelTac 
gaaCnia fantastiurad didi energia da sinaTlis siCqare. pirveladi kosmosuri 
sxivebi energiis  sididis mixedviT iyofian sam kategoriad: pirveli 1013 

eleqtronvoltis energiis sxivebi, meore 1015-1016 eleqtronvoltis energiis 
kosmosuri sxivebi, romlebic modian galaqtikis centris maxlobeli sivrcidan. 
mesame kategoriis kosmosuri sxivebi, romelTa energiis donis zeda zRvari 
daudgenelia, es sxivebi dedamiwaze modian galaqtikaTSoris sivrcidan [5]. mzis 
aqtiuri radiacia xasiaTdeba geoaqtiurobiT, STainTqmeba ra dedamiwis geografiul 
garsSi igi iwvevs masSi fizikuri mdgomareobis cvlilebebs. unda aRiniSnos, rom 
pasiur mdgomareobaSi myofi mze aseve asxivebs korpuskulebs, magram mzis aqtivobis 
procesSi adgili aqvs korpuskulebis saerTo nakadSi ufro didi energiis 
(sixistis) mqone korpuskulebis kuTri wonis zrdas, rac zrdis maT geoaqtiurobas. 
mzis aqtiuroba did gavlenas axdens dedamiwis atmosferos zeda fenebze, sadac 

xdeba mzis mokletalRiani ultraiisferi (λ<3000Å) da rentgenis sxivebis, agreTve 
korpuskularuli gamosxivebis STanTqma. am fenebSi ultraiisferi radiaciis 
zemoqmedebis Sedegad xdeba molekuliaruli Jangbadis disociacia da ozonosferos 
da ionosferoebis warmoSoba da xorcieldeba Soreuli da zeSoreuli 
radiokavSirebi. ionosferos fizikuri Tvisebebis codnas aqvs didi praqtikuli 
mniSvneloba kosmonavtikaSi: kosmosuri xomaldebi, orbitaluri observatoriebi, 



 
 

57 
 

dedamiwis xelovnuri Tanamgzavrebi dafrinaven ionosferoSi. radiokavSiri 
kosmosur aparatebs DSoris da dedamiwasTan xorcieldeba ionosferos meSveobiT.  

sainteresoa is faqti, rom kosmosuri sxivebis nawili ganpirobebulia aqtiuri 
mzis mier, rac dasturdeba mzeze Zlieri qromosferuli amofrqvevebis Sedegad 
pirveladi kosmosuri sxivebis intensivobis gaZlierebiT. sainteresoa is faqti, rom 
mzeze korpuskularuli amofrqvevebis intensivobis gaZlierebisas aRiniSneboda 
dedamiwis xelovnuri Tanamgzavrebis siCqaris Semcireba (damuxruWeba), rac 
ganpirobebuli iyo korpuskulebis xarjze haeris simkvrivis zrdiT 30-40%-iT. 220km 
simaRleze 15-350-is ganedebSi [2]. 

rogorc saTanado literaturaSi arsebuli mravalricxovani faqti aCvenebs 
[6], aqtiuri mzis gamosxiveba did gavlenas axdens aramarto atmosferos maRal 
fenebze, aramed troposferoSi da hidrosferoSi mimdinare fizikur procesebze. 
isini ganicdian mzis geoaqtiuri radiaciis efeqtur zemoqmedebas, rogorc uSualod 
(atmosferos zeda fenebis gavlenis gareSe), aseve maTi meSveobiT, vinaidan 
atmosferos yvela fena fizikurad dakavSirebulia erTmaneTTan, amitom mzis 
aqtivobis moqmedeba romelime maRliv fenaze aucileblad ganapirobebs sxva dabal 
fenebSi Sesabamis fizikur cvlilebebs.  

aqtiuri mzis dedamiwisaken mimarTuli korpuskulebis nakadi, rom moqmedebs 
tropohidrosferoSi mimdinare fizikur movlenebze amas magaliTad amtkicebs 
koloiduri xsnarebis daleqvis intensivoba (siCqare) romelic warmoadgens mzis 
aqativobis funqcias. am kavSiris korelaciis koeficienti r=+0,9-s. bortelsma [2] 
aRmoaCina, rom aqtiuri mzis gamosxivebaSi arsebobs radiacia, romelic xels uwyobs 
atmosferoSi arsebuli gadacivebuli wylis mcire raodenobebis (wveTebis) gayinvas. 
bortelsis Tanaxmad 5ml raodenobis gadacivebuli wylis wveTebis gayinva +60 
temperaturamde SedarebiT xSirad xdeba aqtiuri mzis dros [2]. gamoricxuli ar 
aris, rom mzis aqtivoba agreTve xels uwyobs misgan gamotyorcnili 
korpuskularuli nawilakebis meSveobiT setyvis RrublebSi wylis orTqlis 
kondensaciis procesebsac, rac albaT moqmedebs setyvis Rrublebze aqtiuri 
zemoqmedebis Sedegebze im TvalsazrisiT, rom RrublebSi Setanili reagentebis 
efeqturobas aZlierebs mzis korpuskulebi, romlebsac gaaCnia kondensaciis 
damatebiTi birTvebis generaciis unari, rac aferxebs setyvis marcvlebis zrdis 
intensivobas da dadebiTad moqmedebs aqtiuri zemoqmedebis Sedegebze.  

dadgenilia, rom mzis aqtivobis zrda iwvevs atmosferos saerTo 
cirkulaciis da turbulentobis gaZlierebas, ciklonebi da anticiklonuri 
sistemebis intensifikacias. amasTanave erTad mzis aqtivobis intensivobis zrdaze 
SedarebiT metad reagireben Rrma ciklonebi da mZlavri anticiklonebi. zogadad ki 
dedamiwaze klimatis da saerTo cirkulaciis ZiriTadi riTmebi emTxvevian mzis 
aqtivobis riTmebs [2]. 

hidrologiur movlenebSi aseve adgili aqvs mzis aqtivobis moqmedebis 
gamovlinebebs. mdinareebis, tbebis, gruntis wylebis da saerTod okianeebis 
hidrologiuri reJimi rogorc cnobilia ganprobebulia klimatwarmomqmneli 
faqtorebiT (maT Soris atmosferos saerTo cirkulaciiT, romelic Tavis mxriv 
dakavSirebulia mzis aqtivobasTan.  es movlenebi erTmaneTisagan gansxvavdeba 
geografiuli raionebis mixedviT. [5,6]. 

aRsaniSnavia, rom gruntis wylebis da gaumdinare tbebis doneebi  agreTve 
mdinareTa wylis xarjebic rig SemTxvevebSi avlenen mzis aqtivobasTan metnakleb 
kavSirs, amaze metyvelebs sadgur qvian tramalebSi gruntis wylebis doneze 1890-1940 
wlebSi Catarebuli dakvirvebebis informacia [7,8]. 

aRsaniSnavia, rom Cveni planetis udidesi gaumdinare tba-kaspiis zRva 
warmoadgens mzis aqtivobis e.w. sarkes. misi donis cvlilebebi dakavSirebulia 
zamTris periodSi volgis wyalSemkreb auzSi naleqebis raodenobis cvlilebebze, 
rac Tavis mxriv ganpirobebulia atmosferos saerTo cirkulaciis ryevebTan, 
romelic kavSirSia mzis aqtivobasTan. vinaidan atmosferos saerTo cirkulaciaze 
did gavlenas axdens mzis aqtivoba, bunebrivia misi gavlenis arsebobac msoflio 
okianis doneze [5]. 
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geoinJineriis Tanamedrove problemebi klimatis cvlilebasTan dakavSirebiT 

b. beritaSvili1, n. kapanaZe1, d. erisTavi2 
1-saqarTvelos teqnikuri universitetis hidrometeorologiis instituti 

2-saqarTvelos teqnikuri universiteti 
 

gavlili ori saukunis manZilze wiaRiseuli sawvavis mzardi gamoyenebis 
Sedegad atmosferos qimiuri Sedgenilobis aramizanmimarTuli Secvlis gziT 
kacobriobam saimedoobis maRal doneze (0.90-0.95) daamtkica `saTburis efeqtis~ 
Teoriis marTebuloba, ramac amJamad am efeqtis SedegebTan brZolis, anu maTi 
ganeitralebis gzebis Ziebis problema daayena dRis wesrigSi. 2000-iani wlebis 
dasawyisidan erT-erT aseT gzad geoinJineria miiCneva. 

geoinJineria warmoadgens dedamiwis okeaneebze, xmeleTsa da atmosferoze 
farTomasStabur saerTaSoriso zemoqmedebas, romelic ufro xSirad gamoiyeneba 
klimatis cvlilebasTan brZolis konteqstSi. masSi ganixileba sqemebis didi 
simravle, romelic moicavs gogirdis nawilakebis gafrqvevas stratosferoSi mzis 
radiaciis asareklad (e.w. `mzis radiaciis marTvas~), rkinis nawilakebis Cayras 
okeaneebSi naxSirorJangis mSanTqmeli planqtonis sakvebad, RrublebSi iodovani 
vercxlis gafrqvevas did farTobebze wvimis gamosawvevad, genetikurad 
modificirebuli iseTi mcenareebis gamoyvanas, romelTa foTlebi mzis radiaciis 
gazrdili amrekladobiT xasiaTdeba da sxv. amrigad, geoinJineria aerTianebs axal 
da mravalferovan teqnologiebs, romlebic aqamde klasificirebuli iyo rogorc 
mzis radiaciis marTva/menejmenti (SRM), naxSirorJangis STanTqma da sekvestrireba 
(dagroveba) da amindze xelovnuri zemoqmedeba.  

mzis radiaciis marTvis teqnologiebi miznad isaxavs saTburis gazebis mier 
gamowveuli efeqtis ganeitralebas mzidan mosuli sxivuri energiis kosmosSi 
dabrunebis/arekvlis gziT. es teqnologiebi moicavs atmosferos zeda fenebSi mzis 
radiaciis amreklavi nawilakebis gafrqvevas, mzidan mosuli radiaciis blokirebas 
`kosmosuri saCrdiloblebiT~, udabnoebis zedapiris dafarvas amreklavi safariT.  
am teqnologiebidan arcerTi ar amcirebs saTburis gazebis koncentracias 
atmosferoSi da isini gamiznulia mxolod am gazebiT gamowveuli gverdiTi 
efeqtebis (dedamiwis zedapirisa da haeris temperaturis zrdis) Sesamcireblad. 

geoinJineriaSi Semavali SRM teqnologiebidan aRsaniSnavia: 
 xelovnuri vulkani. mzidan mosuli radiaciis arekvlis gasazrdelad 

stratosferoSi nawilakebis (mag. gogirdis, titanis dioqsidis) uwyveti 
gafrqveva TviTmfrinavebidan, saartilerio danadgarebidan, gigantur 
aerostatebze mimagrebuli Slangebidan da a.S.  

 udabnos dafarva.udabnoebSi didi farTobebis dafarva amreklavi masalebiT 
(nax.1.). 

 kosmosuri saCrdilobeli. erT-erTi varianti iTvaliswinebs dedamiwidan 
milionobiT km manZilze trilionobiT mcire zomis nawilakebis gabnevas 
100 000 km sigrZis xelovnuri `Rrublis~ Sesaqmnelad, romelic aaridebs 
dedamiwas mzidan wamosuli radiaciis daaxloebiT 10%-s. 

 arqtikis yinulis zedapiris dafarva. am SemTxvevaSi igulisxmeba arqtikis 
myinvarebis dafarva saizolacio masaliT mzis sxivebis asareklad da dnobis 
Tavidan asacileblad. 

 dedamiwis amreklavi zedapiris gaTeTreba. geoinJineriis es dabali donis 

teqnologia iTvaliswinebs saxlebis saxuravebisa da gzebis zedapirebis 

TeTrad SeRebvas mzis sxivebis arekvlis gasazrdelad,. 

 klimatTan Tavsebadi kulturebis gamoyvana. am SemTxvevaSi saubaria mzis 

radiaciis gazrdili amrekladobis mqone genmodeficirebuli mcenareebis 

gamoyvanaze, agreTve gvalvis, sicxisa da damlaSebuli niadagebis mimarT 

gamZle sasoflo-sameurneo kulturebis gamoyvanasa da gavrcelebaze. 
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 kosmosuri sarkeebi.dedamiwasa da mzes Soris aluminis amreklavi badis 

mowyoba (nax.2).  

 miwaTsargeblobis farTomasStaburi cvlileba/wvimis wylis Segroveba.aq 
igulisxmeba wylis resursebis farTomasStaburi sainJinro marTva – 
gadanawileba RrubelTa velebis Sesaqmnelad mzis radiaciis didi 
farTobebidan arekvlis mizniT. 

 

nax. 1. udabnos dafarva amreklavi     nax. 4. kosmosuri sarkeebi dedamiwis 
masalebiT                                orbitaze 

 
naxSirorJangis STanTqmisa da dagrovebisaTvis SemoTavazebulia Semdegi 

teqnologiebi: 

 okeanis nayofierebis gazrda rkinisa an azotis gamoyenebiT. es teqnologia 
iTvaliswinebs okeaneSi sakvebi nivTierebebis damatebas fitoplanqtonis 
zrdis dasaCqareblad zRvebis zedapiridan naxSirorJangis STaanTqmis 
gaZlierebis mizniT, 

 biowva(Biochar) – biomasis wva pirolizis pirobebSi (Jangbadis ukmarisobis 
garemoSi naxSirbadis gamoyofis gareSe) da koncentrirebuli  naxSirbadis 
Camarxva miwaSi. 

 naxSirorJangis STanTqma atmosferodan, misi mineralizacia da sekvestrireba. 
es teqnologia iTvaliswinebs CO2- is gamoyofas haeridan natriumis Txevadi 
hidroqsidis gamoyenebiT, romelic gardaiqmneba natriumis karbonatad da 
Semdgom miiReba myari naxSirorJangis saxiT, romelic Caimarxeba miwaSi. 

 okeanis aRmavali da daRmavali nakadebis Secvla. am SemTxvevaSi milebis 
daxmarebiT unda moxdes zRvis siRrmidan sakvebi nivTierebebiT mdidari civi 
wylis masebis amoqaCva zedapirze, rac xels Seuwyobs mis gagrilebas da 
okeanis mier CO2-is sekvestrirebas 

 okeanis tutianobis gazrda gulisxmobs naxSirmJavas marilebis  
(karbonatebis) damatebas okeanis wylebSi naxSirbadis STanTqmis 
gasazrdelad. 

 mcenareTa narCenebis okeaneSi permanentuli sekvestrireba, rac gulisxmobs 
naxSirbadis dagrovebas zRvis wyalSi xeebis totebisa da sxva biomasis 
Camarxvis gziT. 

 genetikurad modificirebuli wyalmcenareebisa da zRvis mikrobebis gamoyvana 
naxSirorJangis gazrdili STanTqmis uzrunvelsayofad okeaneebis an 
Semofargluli wyalsatevebis zedapiridan an, ukidures SemTxvevaSi, SenobaTa 
saxuravebidan da kedlebidan. 
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amindze xelovnuri zemoqmedebis dargSi geoinJineriis teqnologiebidan ganixileba 
ori mimarTuleba:  

 Rrublebze zemoqmedeba naleqTa xelovnuri regulirebis mizniT. es 
teqnologia gulisxmobs qimiur nivTierebaTa (Cveulebriv vercxlis iodidis) 
farTomasStabur gafrqvevas Rrublebidan wvimis an Tovlis stimulirebisa da 
gaZlierebisaTvis. es samuSaoebi axlac farTod warmoebs aSS da CineTSi 
miuxedavad maTi efeqturobisadmi sakmaod skeptikuri damokidebulebisa. 
samuSaoebis mTavar mizans Seadgens wyalsacavebSi wylis resursebis gazrda 
maTi hidroenergetikuli potencialis gasazrdelad da wyalsacavebTan 
dakavSirebuli sarwyavi sistemebis efeqturobis asamaRleblad.  
gasuli saukunis meore naxevarSi am tipis samuSaoebi sabWoTa kavSirSic 
tardeboda, gansakuTrebiT ukrainaSi, da miznad isaxavda zamTris naleqebis 
xelovnur gazrdas. samxreT kavkasiaSi 1980-ian wlebSi nxg eqsperimentebi 
mimdinareobda aRmosavleT saqarTveloSi sionis wyalsacavis auzSi da 
somxeTSi (sevanis tbis auzSi). 1970-1980-ian wlebSi sabWoTa kavSiris samxreT 
raionebSi sakmaod intensiuri samuSaoebi tardeboda setyvasTan brZolis 
dargSic, Tumca maTi lokaluri masStabis gaTvaliswinebiT am samuSaoTa 
ganxilva geoinJineriis TvalsazrisiT gaumarTlebelia. 
aRniSnuli teqnologia SeiZleba gamoyenebuli iqnes agreTve Sebrunebul 
amocanaSi _ did teritoriaze RrubelTa dasaSlelad reagentis dozirebis 
gazrdis gziT. mag. 1986 wels Cernobilis katastrofis Semdeg ukrainis, 
belorusiisa da ruseTis mimdebare teritoriebze ramdenime Tvis 
ganmavlobaSi warmoebda RrubelTa daSlis farTomasStaburi samuSaoebi 
naleqTa mosvlis dauSveblobis mizniT. 

 zemoqmedeba tropikul grigalebze, rac miznad isaxavs maTi traeqtoriebis 
xelovnurad Secvlas an maTi intensivobis Sesustebas. eqsperimentebi am 
mimarTulebiT periodulad tardeba aSS-Si, Tumca maTi masStaburobisa da 
CatarebasTan dakavSirebuli riskebis gaTvaliswinebiT Sedegebze saubari jer 
naadrevia. 
 

 gaeros klimatis cvlilebis CarCo konvenciis (UNFCCC)  da klimatis 
cvlilebis samTavrobaTaSoriso sabWos (IPCC) farglebSi warmoebuli 
samuSaoebisagan gansxvavebiT, romlebic mimarTulia klimatis cvlilebis gamomwvevi 
anTropogenuri faqtorebis Sesustebisaken ekosistemebis dacvisa da aRdgenis gziT, 
geoinJineria cdilobs wiaRiseuli sawvavis moxmarebiT gamowveuli problemebis 
gadaWras  Zveli gziT, romelic gulisxmobs bunebis Zalovan gakontrolebas 
teqnikuri saSualebebis gamoyenebiT. aseT midgomaze dayrdnobiT SesaZlebeli iqneba 
momavalSic wiaRiseuli sawvavis uzrunveli moxmarebis gagrZeleba im imediT, rom 
geoinJineria SeZlebs darRveuli globaluri siTburi balansis aRdgenas (anu 
planetaruli Termostatis sawyis mdgomareobaSi dabrunebas) sxvadasxva axal 
teqnologiebze dayrdnobiT. cxadia, rom klimatis cvlilebis problemebisadmi 
amgvari midgoma xelsayrel garemos uqmnis wiaRiseuli sawvavis mompovebel 
korporaciebs gaagrZelon TavianTi saqmianoba garemosdacviT sakiTxebze naklebi 
danaxarjebis gaweviT da, Sesabamisad, safinanso mogebis gazrdiT. 

geoinJineriis dargSi dagegmili samuSaoebis globaluri masStabisa (dedamiwis 
zedapirze mosuli mzis radiaciis xelovnuri regulireba, okeanis qimiuri 
Tvisebebis Secvla) da maT SedegebTan dakavSirebuli SesaZlo safrTxeebis 
gaTvaliswinebiT saWiroa winaswarve Semdegi faqtorebis mxedvelobaSi miReba:   
 aRniSnuli samuSaoebi ar eqvemdebareba winaswar gamocdas, ris gamoc samuSaoTa 

Catarebis uaryofiTi Sedegis miRebis SemTxvevaSi iqmneba globaluri ekologiuri 
katastrofis saSiSroeba. 

 aRniSnuli samuSaoebi arRvevs dedamiwis mosaxleobisa da qveynebis 
Tanasworuflebianobis princips. ekologiurad ganviTarebuli qveynebis an 
mZlavri korporaciebis gaerTianebas SeuZlia globalur garemoze iseTi 
zemoqmedebis moxdena, romelic sulac ar Sedis danarCeni qveynebis interesebSi. 
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 geosainJinro procesebis ganxorcieleba, Tavisi masStaburobis gamo, aTobiT 
miliardi dolaris dafinansebas moiTxovs, rac xelewifebaT mxolod Zalian 
mdidar qveynebs an miliarderebs. dauSvebelia, rom msoflios mosaxleobis 
esoden mciredi nawili wyvetdes im globaluri garemos beds, romelic Tanabrad 
ekuTvnis planetis mTel mosaxleobas. 

 es proeqtebi moicavs riskebsa da ganuzRvrelobebs, romlebic SeiZleba 
dakavSirebuli iyos meqanikur da adamianur SecdomebTan, ekosistemebisa da 
biomravalferovnebis araswor gagebasTan, klimatis cvalebadobis 
gauTvaliswineblobasTan an dafinansebis CavardnebTan. 

 bevri sainJinro teqnologia faruli saxiT moicavs samxedro dargSi gamoyenebis 
SesaZleblobas, riTac arRvevs gaerTianebuli erebis garemoze xelovnuri 
zemoqmedebis xelSekrulebis (ENMOD) pirobebs, romlebic krZalavs garemoze 
zemoqmedebis mtruli miznebis gamoyenebas. 

 geosainJinro proeqtebi SeiZleba gamoyenebuli iqnas rogorc saTburis gazebis 
emisiebis Semamcirebeli RonisZiebebisa da biomravalferovnebis dacvis 
alternativa. es saqmianoba SeiZleba ganixilebodes rogorc `drois gawelvis~ 
strategia, romelic emsaxureba ganaxlebadi energiebis danergvis xelovnurad 
dagvianebas. 

 zemoT CamoTvlili samuSaoebTan erTad arsebobs kidev erTi safrTxe, romelic 
dakavSirebulia inteleqtualuri sakuTrebis dacvis problemasTan. rogorc 
zemoT iyo naTqvami, geoinJineriis advokatirebaSi CarTuli zogierTi mecnieri da 
biznesmeni SeerTebul Statebsa da sxva qveynebSi ayalibebs kerZo iuridiul 
kompaniebs, romlebic apatenteben geoinJineriis dargSi sxvadasxva gamogonebebs 
saganze 20 wliani monopoliis uflebiT da cdiloben aqedan safinanso mogebis 
miRebas.  

 geosainJinro patentebis nawili efeqturad isakuTrebs sxvadasxva qalaqebSi 
adgilobrivi mosaxleobis aborigenul da tradiciul teqnologiebs. magaliTad, 
md. amazonis mkvidri aborigenebi uZvelesi droidan iyenebdnen naxSiris miwaSi 
Camarxvis teqnologias, romelic amJamad mravali patentis safuZvlad aris 
gamoyenebuli. 
am da momavalSi sxva gaugebrobebisa da safrTxeebis Tavidan asacileblad 

saerTaSoriso Tanamegobrobam mkacri kontroli unda daawesos geoinJineriis 
dargSi warmoebul yvela samuSaoze da moaxdinos maTi efeqturi marTva. amisTvis 
saWiro iqneba Semdegi RonisZiebebis Catareba: 
 geosainJinro problemebis ganxilva unda warmoebdes saerTaSoriso doneze 

gamWvirvale da angariSgebadi formiT, sadac yvela qveynis mTavrobas miecema 
demokratiulad monawileobis miRebis saSualeba. 

 geoinJineriasTan dakavSirebuli gadawyvetilebebi unda Seesabamebodes moqmed 
saerTaSoriso kanonmdeblobas, maT Soris kanonebs, romlebic icavs mSvidobasa 
da usafrTxoebas, adamianis uflebebs, biomravalferovnebas, erovnul 
suverenitets da krZalavs meteorologiur procesebze xelovnuri zemoqmedebis 
gamoyenebas agresiis mizniT. 

 miRebuli gadawyvetilebebi unda iTvaliswinebdes dagegmili qmedebebis iseT 
krizisul Sedegebs, rogoricaa SimSiloba, siRaribe, biomravalferovnebis kargva, 
ekosistemebis ganadgureba da okeanis mJavianobis xarisxis zrda. 

 geoinJineriis dargSi dagegmili da miRebuli gadawyvetilebebi unda eyrdnobodes 
im princips, rom arc klimatis cvlilebasTan dakavSirebuli krizisis 
seriozuloba da arc arsebuli samecniero donis ukmarisoba ar SeiZleba 
gamoyenebuli iqnas aRniSnul dargSi eqsperimentebis gasamarTleblad. 
aRniSnuli problema ukve or aTwleulze meti xnis ganmavlobaSi warmoadgens 

gaeros klimatis cvlilebis CarCo konvenciis sazrunavs. konvenciis oficialuri 
poziciis Tanaxmad garemosdacviTi TvalsazrisiT gaanalizebul da dasabuTebul 
teqnologiebs SeuZlia ormxrivad momgebiani gadawyvetilebebis uzrunvelyofa, 
romlebic globaluri ekonomikuri zrdisa da klimatis cvlilebis Serbilebis 
(miTigaciis) Tanaarsebobis saSualebas iZleva. sxva sityvebiT rom vTqvaT, 
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teqnologiebs SeuZlia Cveni ganviTarebis Tanamedrove gezis uzrunvelyofa, 
romelic gamoixateba moxmarebisa da warmoebis zrdaSi, am procesis uaryofiTi 
Sedegebis gareSe. miuxedavad imisa, rom garemosdacviTi kriteriumebi jer srulad 
ar aris Camoyalibebuli, kerZo seqtoris roli maT formirebaSi udavod miiCneva. im 
didi potencials gaTvaliswinebiT, romelic kerZo bizness gaaCnia klimatis 
cvlilebasTan dakavSirebuli teqnologiebis ganviTarebaSi, SeZlebisdagvarad meti 
yuradReba unda mieqces am potenialis mecnierulad dasabuTebuli gziT gamoyenebas. 
es saSualebas miscems kacobriobas ganaviTaros garemosdacviTi teqnologiebi 
farTo sazogadoebis interesebis gaTvaliswinebiT da ar dauSvas viwro 
korporaciuli miznebis misaRwevad gamiznuli dausabuTebeli teqnologiebis 
gamoyeneba, romlebmac, SesaZloa, globaluri ekologiuri katastrofa gamoiwvios. 
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uak 551.521;631.67;662.997 
geoinJineriis Tanamedrove problemebi klimatis cvlilebasTan dakavSirebiT. 

/b. beritaSvili, n. kapanaZe, d. erisTavi./saqarTvelos teqnikuri universitetis hidro-
meteorologiis institutis SromaTa krebuli-2016.-t.123.-gv.59-63.-qarT. rez: qarT., 
ingl., rus. 
ganxilulia geoinJineriis axali da mravalferovani teqnologiebi, romlebic aqamde 
klasificirebuli iyo rogorc mzis radiaciis marTva/menejmenti (SRM), naxSirorJan-
gis STanTqma da sekvestrireba da amindze xelovnuri zemoqmedeba.  gaanalizebulia 
geoinJineriis dargSi dagegmili samuSaoebis SedegebTan dakavSirebuli SesaZlo 
safrTxeebi da dasaxulia maTi Tavidan acilebis saSualebebi.   
 

UDC 551.521;631.67;662.997 
Modern   problems of geoengineering related with climate change ./Beritashvili B., Kapanadze  N., Eristavi 

D./ Transactions of the Institute of Hydrometeorology at the Georgian Technical University. -2016. - v.123. – 

pp.59-63. -Georg.; Summ. Georg.; Eng.; Russ. 

New and diverse geoengineering technologies are discussed, classified as solar radiation management (SRM),  

CO2 removal and weather modification. Possible hazards related.with the results of planned geoengireening 

activites are analyzed along with the means of their prevention. 

 

УДК 551.521;631.67;662.997 
Современые проблемы геоинженерии, связаные с изменением климата. /БериташвилиБ. Ш., 

КапанадзеН. И., ЭриставиД. В./Сб. ТрудовИнститутаГидрометеорологииГрузинскогоТехнического 

Университета. –2016. – т.123. – с.59-63. – Груз .; Рез. Груз., Анг.,Рус. 

Рассмотреные новые разнообразные технологии геоинженерии, классифицируемые как контроль 

солнечной радиации (SRM), поглошенние CO2и активные воздействия на погодные явления. 

Проанализированы возможные опосности  свиазанные с результатами планируемых работ в области 

геоинженерии и определены пути их устранения. 
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uak. 551.578.46 
aWaris mTiani raionebis zvavsaSiSroeba 

m.saluqvaZe, s. gorgijaniZe, n. kobaxiZe 
saqarTvelos teqnikuri universitetis hidrometeorologiis instituti 

 
mravalwliani savele samuSaoebis dros mopovebulma masalebma da saarqivo 

monacemebma (1924-2014 ww.), aseve 2012-2016 ww. uxvTovlianma zamTarma, aWaris mTian 
raionebSi sxvadasxva wlebSi adamianTa msxverplma da ngrevam cxadyo, rom 
mosaxleoba ar aris dazRveuli zvavebis CamosvliT gamowveuli katastrofuli 
Sedegisagan.  

zogadad, saqarTvelos teritoriis mTian raionebSi Catarebuli kvlevebiT 
dadgenilia, rom msxverplisa da zaralis 90% modis saSualo da susti 
zvavsaSiSroebis raionebze. es imiT aris gamowveuli, rom Zlieri zvavsaSiSroebis 
raionebis mosaxleobisaTvis kargad aris cnobili zvavebis Camosvlis adgili da 
Tavs arideben aseTi teritoriebis aTvisebas. susti da saSualo zvavsaSiSroebis 
raionebSi ki mosaxleobas safrTxes sporaduli zvavebi uqmnis, anu iseTi zvavebi, 
romelTa warmoqmna ramdenime weliwadSi an ramdenime aTeul weliwadSi erTxel 
xdeba an iseTi zvavebi, romlebic gansakuTrebiT uxvTovlian zamTrebSi scildebian 
Tavisi yovelwliuri gavrcelebis sazRvrebs [ 1 ]. 

aWaris mTian raionebSi didia mosaxleobis simWidrove. aseve didia bunebrivi 
matebac. 150-ze naklebi daxrilobis ferdobebis mqone aTvisebuli teritoriidan 
miRebuli soflis meurneobis produqtebi srulad ver akmayofilebs mosaxleobis 
saarsebo moTxovnilebas da amitom axali, ZiriTadad, tyiT dafaruli teritoriebis 
aTviseba xdeba.aWaris maRalmTian nawilSi 150-ze meti daxrilobis ferdobebi 
teritoriis 83%-s Seadgens da tyis gaCexva Tundac ramdenime m2-ze iwvevs axali 
kerebis gaCenas da ukve safrTxes warmoadgens ara arsebuli, aramed axlad 
warmoqmnili zvavSemkrebebic. 

 

cxrili 1. aWaris teritoriis hifsometria, tyiani teritoria da ferdobebis 
daxriloba 

simaRliTi 
zonebi,m 

% 
simaRliTi 
zonebi,m 

tyiani 
teritoria,% 

ferdobebis 
daxriloba, grad. 

% 

<200 11 <200 11 <15 17 
201-500 13 201-1000 31 15-25 48 
501-1000 18 1001-2000 40 26-35 33 
1001-1500 22 >2000 18 >35 2 
1501-2000 18     
2001-2500 14     
>2500 4     

 

 aWaris teritoriis mniSvnelovani nawili, mTeli farTobis 48% ukavia 
ferdobebs, romelTa zedapiris daxriloba 15-250-ia da maT didi farTobi ukavia 
mdinareebis aWariswylis, Caqviswylisa da kintriSis auzebis dabal da 
saSualomTian zonebSi, aseve md. qvablianis auzis saSualo da maRalmTian zonebSi. 
teritorias, romlis zedapiris daxriloba Seadgens 25-350-s ukavia 33% da Tanabrad 
aris ganawilebuli yvela simaRliT zonaSi.  teritoriis 11% - 200 m-ze dabla, 72% - 
500m-dan 2500 m-mde da mxolod 4% mdebareobs 2500 m-ze maRla. tyiT maRalmTiani 
nawilis 42%-ia dafaruli, xolo 2200-2400 m-is simaRleze warmodgenilia subalpuri 
meCxeri tye, ufro maRla - alpuri mdeloebi, sxvadasxva jiSis balaxebiT (cxr. 1). 
Cvens mier Sedgenilia hifsometriis, reliefis daxrilobis da tyis safaris 
ganawilebis rukebi. 

wlis civ periodSi (XI-III) maRalmTian raionebSi, ZiriTadad, myari naleqebi 
modis. 1000 m-is simaRlemde maTi wili naleqebis wliuri raodenobis 2-18%-ia, 1000-
2000 m-is simaRleze izrdeba 18-20-dan 50%-mde, xolo 2000 m-is zemoT 50-80%-ia (cxr. 
2).  
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cxrili 2. myari naleqebis maqsimaluri, saSualo da minimaluri 
mniSvnelobebi aWaris teritoriaze 

meteorologiuri 
sadguri 

simaRle, 
m 

myari naleqebis raodenoba 
maqsimaluri saSualo  minimaluri 

mwvane koncxi 94 392 116 13 
qeda 256 432 185 62 
xulo 923 590 231 62 

ciskara 1210 1426 877 618 
goderZis 

gadasasvleli 
2025 1189 653 365 

 

Tovlis safaris simaRle didi cvalebadobiT xasiaTdeba rogorc droSi, ise 
sivrceSi (cxr.3).uxvTovlian zamTarSi Tovlis simaRle mesxeTis qedis mimdebare 
ferdobebze 500 sm-s aRemateba da mxolod aWaris ukidures Crdilo-dasavleT 
nawilSia 100 sm-ze naklebi. mcireTovlian zamTarSic ki mesxeTis, arsianis, SavSeTis 
qedebis saSualo da maRalmTian ferdobebze Tovlis simaRle 100-120 sm-s aRemateba. 

 

cxrili 3. Tovlis safaris maqsimaluri, saSualo da minimaluri 
mniSvnelobebi aWaris teritoriaze 

Tovlis safari simaRle da gavrcelebis are (% mTlian teritoriaze) 
maqsimaluri % saSualo % minimaluri % 

<100 3 <75 12 <30 24 
101-200 14 76-150 35 31-60 21 
201-300 25 151-225 24 61-90 14 
301-400 35 226-300 16 91-120 13 
401-500 7 >300 13 >120 28 
>500 16     

 

aWaris teritoriis daraioneba zvavsaSiSroebis xarisxis mixedviT  
zvasaSiSroebis iseTi raodenobrivi maxasiaTeblebis cvalebadobis Taviseburebebis 
dadgenis safuZvelzea SesaZlebeli, rogoricaa teritoriis zvavaqtiuroba (zvav-
saSiSi teritoria, procentebSi), zvavSemkrebebis gavrcelebis sixSire (zvavSem-
krebebis raodenoba 1 km2-ze), zvavebis Camosvlis sixSire (Camosuli zvavebis 
raodenoba) da zvavsaSiSi periodis xangrZlivoba (zvavsaSiS dReTa raodenoba). 
yvela am raodenobrivi maxasiaTeblebisaTvis Sedgenilia rukebi, romlebic  
safuZvlad daedo aWaris teritoriis zvavsaSiSroebis xarisxis mixedviT 
daraionebis rukas (nax.1, cxr.4.). amasTan zvavsaSiSroebis raodenobrivi  maxasia-
Teblebi  ganvixileT, rogorc  ZiriTadi da Tanabari mniSvnelobis mqone [2]. 

 
 

nax.1. aWaris teritoriis zvavsaSiSi raionebis ruka 



 
 

66 
 

aWaris teritoriaze gamoiyo oTxi: gansakuTrebiT Zlieri, Zlieri, saSualo 
da susti zvavsaSiSroebis raionebi 

 
cxrili 4. aWaris teritoriis zvavsaSiSi raionebi 

# 
zvavsaSiSroebis 
maxasiaTeblebi 

susti saSualo Zlieri 
gansakuTre-
biT Zlieri 

1 zvavaqtiuroba,% <20 >20 >40 >60 

2 
zvavSemkrebebis gavrcele-

bis sixSire, 1km2 
<5 >5 >10 >15 

3 
zvavebis Camosvlis 
sixSire, SemTxveva 

<5 >5 >10 >15 

4 
zvavsaSiSi periodis 
xangrZlivoba, dRe 

<50 >50 >100 >150 

 
 aWaris 87 dasaxlebul punqts 161 zvavSemkrebidan Camosuli zvavi emuqreba, 

maT Soris qobuleTis raionis 4 sofels - 17 zvavi; xelvaCauris raionSi 3 sofels - 
7 zvavi; qedis raionis 14 sofels - 27 zvavi; Suaxevis raionis 21 sofelSi 44 zvavis 
Camosvlaa mosalodneli, xolo xulos raionis 45 sofelSi 66 zvavis keraa. es 
zvavSemkrebebi mdinareebis: kintriSis, Caqviswylis, maWaxeliswylis, skurdidis, 
aWariswylis, kalaskuris, axaxunderes, akaverTas, londaris, Wvaniswylis, 
naRvareviswylis, vaniswylis, Ciruxiswylis, tbeTis, diakoniZis, Rorjomis, 
naflatiswylis, sxalTas da kalotas auzebSi mdebareobs. am zvavebis Camosvla 
uxvTovlian zamTarSia mosalodneli. aWaris mTian raionSi, wlebis ganmavlobaSi, 
zvavebis Sedegad 50 adamiani daiRupa, daingra 146 sacxovrebeli da 65 damxmare 
nageboba, dazianda aseulobiT sacxovrebeli saxli, ganadgurda msxvilfexa da 
wvrilfexa saqoneli, aTeulobiT ha tye da citrusi. mravalma ojaxma ekomigrantis 
statusi miiRo da iZulebuli Seiqmna daetovebina saxl-kari.  
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Sedgenilia aWaris teritoriis zvavsaSiSroebis ruka, gamovlenilia susti, saSualo, 
Zlieri da gansakuTrebiT Zlieri zvavsaSiSi raionebi. uxvTovlian zamTarSi aWaris 
mTiani raionis 87 dasaxlebul punqts 161 zvavi emuqreba. 
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hazard districts were determined. Findings show that 87 settlements are under 161 snow avalanche threat. 

 

УДК.551.578.46 

ЛАВИНООПАСНОСТЬ ГОРНЫХ РАЙОНОВ АДЖАРИИ./М. Салуквадзе, С.Горгиджанидзе, Н. 

Кобахидзе/ Сб. Трудов Института Гидрометеорологии Грузинского Технического университета. 2016, 

Т.123,с.64-66 , Груз. Рез. Груз., Англ., Рус. 

Составлена карта лавиноопасности территории Аджарии, выявлено слабый, средний, сильный и 

особенно сильный лавиноопасные районы. В многоснежнюю зиму 87 населенным пунктам горного 

района Аджарии угрожает 161 лавин. 
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uak 551 
klimatis globaluri daTbobis gavlena mdinare veres Tvis saSaulo da 

sezonuri wylis xarjebis cvalebadobaze  

guram grigolia1, daviT kereseliZe2, merab alaverdaSvili2, 
 vaJa trapaiZe2, giorgi bregvaZe2 

1saqarTvelos teqnikuri universitetis hidrometeorologiis instituti 
2iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universitetis zust da 

sabunebismetyvelo mecnierebaTa fakulteti 

el-fosta:  vazha.trapaidze@tsu.ge; 
 

klimatis globalurma cvlilebam kidev ufro mZafrad dagvanaxa ekonomokis sxva-
dasxva dargebis wyliT uzrunvelyofis problema, gansakuTrebiT ki sarwyavi wyliT. 
dReisaTvis mniSvnelovnad Seeicvala mdinaris Sigawliuri maxasiaTeblebi. klimatis 
cvlilebis scenarebis Sesabamisad mosalodnelia ara imdenad mdinareTa wliuri Ca-
monadenis sididis cvlileba, aramed am Camonadenis Sigawliuri ganawilebis cvli-
leba, kerZod, Semcirdeba mcirewyliani periodis da gaizrdeba uxvwyliani periodis 
Camonadeni, cxadia aRniSnuli prognozis ganvrcoba saqarTvelos teritoriis klima-
turi, fizikur-geografiuli da geologiuri mravalferovnebidan gamomdinare mTels 
mis teritoriaze SeuZlebelia. 

bunebrivia mdinareTa Camonadenis daregulirebis sakiTxi momavalSi ufro mwvaved 
dadgeba. aqedan gamomdinare aucilebelia dadgenil iqnas mdinareTa saSualo Tviu-
ri da sezonuri xarjebisa da wliurida\n maTi procentuli wilebis cvalebadobis 
tendenciebi    

msoflio meteorologiuri organizaciis monacemebiT gasuli saukunis bolo aT-
wleuli (1990-2000 ww) iyo yvelaze Tbili, rac niSnavs rom klimatis cvlileba gamo-
ixateba dadebiT tendenciaSi anu daTbobaSi. 

Camonadenis Sigawliuri ganawileba SeiZleba ganxilul iqnes gasaSualoebis  
sxvadasxva intervalis arCeviT (saSualo sezonuri, saSualo Tviuri, saSualo dRe-
Ramuri) Sigawliur detalizacias gansazRvravs mdinaris Camonadenis xelovnuri da-
regulirebis siRrme, cnobilia rom Rrma mravalwliuri regulirebis dros  gadam-
wyveti mniSvneloba aqvs Camonadenis ryevas calkeul wlebSi da welTa Tanamimdev-
rul rigSi, ufro araRrma regulirebis SemTxevvaSi (sezonuri), ZiriTadi mniSvne-
loba eniWeba Sigawliur ganawilebis ryevas sezonebSi, TveebSi an ufro mcire in-
tervalebSi. Camonadenis dauregulirebis SemTxvevaSi, saWiroa yuradReba gavamaxvi-
loT dabali wyalmcirobis dReRamur xarjebze da  minimaluri Camonadenis dgomis 
xangrZlivobaze. 

Sigawliuri ganawilebis gaangariSebaTa safuZvelze dgindeba wyalsameurneo para-
metrebi (wylis garantirebuli xarji, energiis gamomuSaveba, wyalsacavis mareguli-
rebeli moculoba da sxva). aqedan gamomdinare mniSvnelovania  Tveebis mixedviT  Ca-
monadenis wilis gansazRvra da raodenobrivi cvlilebebis dinamikis gamovlena, rac 
gulisxmobs  trendis Sefasebas, trendis gamovlenis TvalsaCino xerxs wrfivi reg-

resia warmoadgens, xolo, trendis niSnadoba SeiZleba Sefasdes SemTxveviT  x  sid-

ides da mis riogiT nomers  i  Soris korelaciis koeficientis   xir  sididiT. 

sakiTxis srulfasovnad SeswavlisaTvis mniSvnelovania monacemebis sisrule da 
saimedooba. grZelperiodiani dakvirvebis monacemebi (bolo wlebis CaTvliT)  mdi-
nareTa umravlesobaze SedarebiT naklebad gagvaCnia, erT-erTi mdinare sadac mon-
acamebis saimedo, grZelperiodani rigia aris md. vere (Tsu laboratoria). SeiZleba 
iTqvas rom isini reprezentatiulia da srulad asaxavs im tendenciebs, rac 
damaxasiaTebelia msgavsi tipis mqone mdinareebisaTvis. 

Sigawliuri ganawilebis Seswavlis dros calkeuli TveebisaTvis  mniSvnelovania 
gamoisaxos TiToeuli Tvis wilis procentebi wliuridan, romelic Tviur xar-
jebTan erTad ufro saimedo  Sedegebs gvaZlevs. Camonadenis Sigawliri ganawileba 
gamoiTvleba wyalsameurneo wlebis mixedviT, romelic iwyeba wyaluxvi sezonidan 
ZiriTadad aprilidan. Cvens mier gamovTvalilia mdinare veres (Tsu laboratoria) 
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Tvis saSualo da sezonuri xarjebi Q , moduluri koeficientebi K , wili procen-

tebSi QP% , xarjebis trendis korelaciis koeficientebi Qr  da wilebis trendis 

korelaciis koeficientebi %pr  1963 - 2014, 1963 - 1989 da 1990 - 2014 w.w. periodisaTvis 

Sedegebi mocemulia cxr #1,2,3 

cxr. #1. md. veres (Tsu laboratoria) Tvis saSualo xarjebi Q , moduluri 

koeficientebi K , wili procentebSi QP% , xarjebis trendis korelaciis 

koeficientebi Qr  da wilebis trendis korealaciis koeficientebi %pr  (1) 1963 - 2014, 

(2) 1963 - 1989 da (3) 1990 - 2014 w.w. periodisaTvis 
  III IV V VI VII VIII IX X XI XII I II wlis 

Q  
1 1.44 2.20 2.29 1.31 0.64 0.60 0.47 0.54 0.65 0.53 0.48 0.63 0.98 
2 1.42 2.00 2.01 1.14 0.57 0.70 0.52 0.51 0.58 0.51 0.48 0.64 0.92 
3 1.46 2.45 2.65 1.53 0.72 0.48 0.41 0.57 0.74 0.56 0.47 0.63 1.06 

K  

1 1.47 2.24 2.34 1.34 0.65 0.61 0.48 0.55 0.66 0.54 0.48 0.65 - 
2 1.54 2.18 2.19 1.24 0.62 0.76 0.56 0.56 0.63 0.56 0.52 0.69 - 
3 1.38 2.31 2.50 1.44 0.68 0.45 0.39 0.54 0.70 0.52 0.45 0.59 - 

QP%  
1 12.12 18.04 18.69 10.95 5.49 4.93 4.26 4.81 5.70 4.89 4.39 5.72 - 
2 12.36 17.27 17.31 10.49 5.35 5.78 4.94 4.93 5.63 5.04 4.74 6.16 - 
3 11.83 19.03 20.46 11.53 5.67 3.84 3.38 4.65 5.80 4.70 3.95 5.17 - 

Qr  

1 0.08 0.18 0.22 0.27 0.23 -0.22 -0.15 0.13 0.19 0.11 0.02 0.06 0.25 
2 0.22 0.14 0.05 0.14 0.02 -0.29 -0.07 0.08 0.06 0.14 0.05 0.09 0.12 
3 -0.04 0.06 0.20 0.27 0.29 0.10 0.11 0.23 0.13 -0.01 0.12 0.21 0.24 

%pr
 

1 -0.04 0.06 0.15 0.13 0.10 -0.29 -0.28 -0.03 0.03 -0.05 -0.11 -0.05 - 
2 0.10 0.01 -0.02 0.06 0.04 -0.28 -0.13 0.02 0.03 0.09 0.02 0.09 - 
3 -0.22 -0.12 0.12 0.23 0.25 -0.03 -0.06 0.02 0.00 -0.25 -0.13 0.09 - 

 

cxr. #2  md. veres (Tsu laboratoria) Tviuri   xarjebis xarjebis trendis 

korelaciis koeficientebi Qr  da wilebis trendis korealaciis koeficientebi %pr  

1963 - 2014, 1963 - 1989 da 1990 - 2014 w.w. periodisaTvis 
 n  

  2  

1963 – 2014  48 0.15 0.30 
1963 – 1989  27  0.20  0.40  
1990 – 2014  21  0.22  0.44 

 

   cxr. #3 . md. veres (Tsu laboratoria) sezonuri  xarjebi Q , moduluri 

koeficientebi K , wili procentebSi QP% , xarjebis trendis korelaciis 

koeficientebi Qr  da wilebis trendis korealaciis koeficientebi %pr  (1) 1963 - 2014, 

(2) 1963 - 1989 da (3) 1990 - 2014 w.w. periodisaTvis 
  III-V VI-VIII IX-XI XII-I 

Q  
1 1.98 0.85 0.55 0.50 
2 1.81 0.80 0.54 0.54 
3 2.19 0.91 0.57 0.55 

K  

1 2.02 0.87 0.56 0.56 
2 1.97 0.87 0.59 0.59 
3 2.06 0.86 0.54 0.52 

QP%  
1 48.8 21.4 14.8 15.0 
2 46.9 21.6 15.5 15.9 
3 51.3 21.0 13.8 13.8 

Qr  

1 0.21 0.09 0.08 0.07 
2 0.16 -0.12 0.02 0.11 
3 0.10 0.28 0.17 0.16 

%pr
 

1 0.10 -0.03 -0.10 -0.08 
2 0.03 -0.12 -0.03 0.08 
3 -0.11 0.25 0.00 -0.06 
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trendis niSnadoba SeiZleba Sefasdes SemTxveviT sididesa da mis rigiT nomers 
Soris korelaciis koeficientiT r . Tu gaTvlebis Sedegad aRmoCndeba rom 

korelaciis koeficienti da rangobrivi kriteriumebi metia 2 -ze, sadac 

 
1

1 2




n

r
  an 

1


n
n

 , maSin trendi CaiTvleba sarwmunod.  faqtiurad 

gaTvlebma gviCvena  rom trendi arcerT sezonSi da TveSi TveSi ar fiqსirdeba, 
yvelaze maRali mniSvneloba ivnisis TveSi aqvs 1990-2014 ww periodisaTvis, xolo 
sezonebisaTvis gazafxulis periodSi (III-V) 1963 – 2014. danarCen Tveebsa da 

sezonebSi mcire mniSvnelobebi aqvs, oRond  garkveul  periodSი (ZiriTadad III-V) ar-
is dadebiTi tendenciebi. xolo zogierT TveebSi (ZiriTadad VIII-IX) uaryofiTia. 
aseve garkveul Tveebsa da sezonebSi  adgili aqvs korelaciebis Tanxvedras. Tu 
SevadarebT calkeuli Tveebis wylis xarjebis cvalebadobis korelaciis koefi-
cientebs TiTqmis yvela TveSi (III, IV da XII) Tveebis garda globaluri daTbobis 
perodebis 1990-2014 ww-Si Tviuri wylis xarjebis zrdis tendenciebi ufro metia 
vidre 1963-1990 ww-Si, aseTive suraTi gvaqvs sezonur (garda III_VI) da wliuri 
xarjebis SemTxvevaSi. 
 

         sailustraciod moyvanilia zogierTi Tvisa da sezonis magaliTebi.  
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sezonebi 
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Tvis saSualo da sezonuri wylis xarjebis cvalebadobis dinamikis 
dasadgenad Catarebulia mdinare veres Sigawliuri (Tviuri da sezonuri)  
Camoandenis gaangariSeba. gamoTvlilia md.  veres Tvis saSualo da sezonuri 

xarjebi Q , moduluri koeficientebi K , wili procentebSi QP% , xarjebis trendis  

korelaciis koeficientebi Qr , 
da wilebis trendis korelaciis koeficientebi %pr  

1963 - 2014, 1963 - 1989 da 1990 - 2014 w.w. 1966-86 w.w periodisaTvis.     gaTvlebma gviCvena  

rom trendi arcerT sezonSi da  TveSi ar fiqსirdeba, yvelaze maRali mniSvneloba 
ivnisis TveSi aqvs 1990-2014 ww periodisaTvis, xolo sezonebisaTvis  gazafxulis 
periodSi (III-V) 1963 – 2014. danarCen Tveebsa da sezonebSi mcire mniSvnelobebi aqvs, 

oRond garkveul periodSი (ZiriTadad III-V) aris dadebiTi tendenciebi. xolo 
zogierT TveebSi (ZiriTadad VIII-IX) uaryofiTia. aseve garkveul Tveebsa da 
sezonebSi  adgili aqvs korelaciebis Tanxvedras.  
 
UDC 551 

 EFFECT OF GLOBAL CLIMATE WARMING ON VARIABILITY  OF  MONTHLY AVERAGE  

AND  SEASONAL  WATER  DISCHARGE  OF  VERE  RIVER.  / Grigolia G., Kereselidze D.,   

Alaverdashvili  M., Trapaidze V., Bregvadze G.,/ Transactions of the Institute of Hydrometeorology, Georgian 

Technical University. -2016. -vol.123. -pp.68-71- Georg., Summ. Georg., Eng., Russ. 

  Calculation of annual (monthly and seasonal) runoffs of Vere river is made for establishment of 

dynamics of variability of monthly average and seasonal water discharge.  Monthly average and seasonal 
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water discharge of Vere River Q, modulus coefficients K, percentage share QP% , correlation coefficients of 

water discharge trends Qr , and  correlation coefficients of share trends %pr  for following periods: 1963-2014, 

1963-1989 and  1990-2014, 1966-86 are calculated. Calculations show that trends are not fixed in none of 

seasons and months; the highest index in June is observed for period of 1990-2014, while regarding to seasons 

– in spring period (III-V) 1963-2014. In other months and seasons it has small values, but in some periods 

(basically in III-V) are observed positive tendencies, while in some months (basically in VIII-IX) – negative 

ones. Also in some months and seasons takes place coincidence of correlations.  
 

УДК 551 
ВЛИЯНИЕ ГЛОБАЛЬНОГО ПОТЕПЛЕНИЯ КЛИМАТА НА ИЗМЕНЧИВОСТЬ  СРЕДНЕ-

МЕСЯЧНОГО  И  СЕЗОННОГО  РАСХОДА  ВОДЫ  РЕКИ  ВЕРЕ /Григолия  Г., Кереселидзе Д.,  

Алавердашвили  М.,  Трапаидзе В., Врегвадзе Г.,/ Сб. Трудов Института Гидрометеорологии Грузинского  

Технического Университета Грузии. -2016.- т.122 .-с.68-71 -Груз., Рез. Груз., Анг., Рус. 

Для установления динамики изменчивости среднемесячного и сезонного расхода воды проведен расчет 

внутригодовых стоков (месячных и сезонных) реки Вере. Вычислены среднемесячные и сезонные 

расходы воды реки Вере Q, модульные коэффициенты К, доля в процентах QP% , коэффициенты 

корреляции трендов расхода Qr , и  коэффициенты корреляции трендов долей %pr  для следующих 

периодов: 1963-2014, 1963-1989 и (3) 1990-2014 гг.. 1966-86 гг. Расчеты показали, что тренд не 

фиксируется ни в одном из сезонов и месяцев, самый высокий показатель в июне наблюдается для 

периода 1990-2014 гг., а по отношению к сезонам – в весенний период (III-V) 1963 – 2014. В остальные 

месяцы и сезоны он имеет малые значения, однако в определенные периоды (в основном III-V) 

наблюдаются положительные тенденции, а в некоторые месяцы (в основном  VIII-IX) – отрицательные. 

Также в определенные месяцы и сезоны имеет место совпадение корреляций. 
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uak 551 
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Tbilisi, saqarTvelo  jarjinio@mail.ru 
 

mdinaris wyalmcirobis periodis Camonadeni hidrologiuri reJimis erT-erT 
mniSvnelovan eqstremums warmoadgens da am eqstremaluri situaciis warmoqmnis mi-
zezi bunebriv procesebTan erTad adamianis zemoqmedebacaa. wyalmcirobis periodi 
mdinareze myardeba maSin, rodesac auzis zedapirze ar modis an Zalian mcirea at-
mosferuli naleqebi da mdinare sazrdoobs ZiriTadad miwisqveSa gruntis wylebiT. 
magram sadReisod bunebriv faqtorebTan (globaluri daTboba, gvalva) erTad, adami-
anis zemoqmedbiT (tyis gaCexva, niadagis degradacia) gamowveulma ukuprocesebma 
(temperaturis, aorTqlebisa da infiltraciis mateba) sagrZnoblad dawia gruntis 
wylebis done, ramac Seamcira wyalmcirobis Camonadeni, xolo zogierTi mdinare sa-
erTod daSra. am movlenebis swori Sefaseba metad mniSvnelovania wyalsameurneo 
sistemebis dagegmarebisa da marTvisaTvis. 

am mxriv saqarTveloSi sayuradReboa aRmosavleT saqarTvelos mdinareebi, gan-
sakuTrebiT md. alazani, romelic aris mTavari sarwyavi arteria kaxeTis nayofieri 
niadagebis farTo velebze sasoflo-sameurneo kulturebis mosavlis misaRebad. 

aRsaniSnavia, rom bolo dros globaluri daTbobis gaaqtiurebis Sedegad md. 
alaznis auzSi xSiria mdinareTa daSrobis procesebi, gansakuTrebiT mis marjvena 
Senakadebze zafxulis maRali temperaturebis dros, rodesac alaznis vakeze izrde-
ba aorTqleba, atmosferuli naleqebic ar modis da Sedegad es Senakadebi veRar aR-
weven SesarTavamde md. alazans da amis Sesabamisad mcirdeba misi wylis Camonadeni. 

1 cxrilSi mocemulia md. alaznis auzSi naleqebisa da aorTqlebis raodenob-
rivi mniSvnelobebi sxvadasxva simaRliT zonebSi miRebuli [1] naSromis mixedviT, sa-
idanac Cans, rom md. alaznis xeobaSi 500 m simaRlidan 3000 m-mde naleqebis raoden-
oba izrdeba 900 mm-dan 2200 mm-mde, aorTqleba ki mcirdeba 600 mm-dan 400 mm-mde haer-
is temperaturis Semcirebis Sesabamisad simaRlis matebasTan erTad. am analizidan 
irkveva, rom naleqebisa da aorTqlebis ufro meti raodenobrivi mniSvnelobebia md. 
alaznis marcxena Senakadebze – CelTze, romelic kavkasionis qedis 3000 mm simaRle-
ebidan iRebs saTaves. aq naleqebi 1200 mm-dan (500 m simaRleze) izrdeba 2300 mm-mde 
(3000 m simaRleze), aorTqleba ki 700 mm-dan 400 mm-mde mcirdeba. 

 

cxrili 1.  atmosferuli naleqebis (P, mm) da aorTqlebis (V, mm) wliuri jamebi 
simaRliTi zonebis mixedviT md. alaznis auzis teritoriaze [1] 

mdinaris 
auzi 

elementi 500 1000 1500 2000 2500 3000 

alazani P 900 1100 1550 2000 2180 2200 
alazani V 600 640 630 560 500 400 
CelTi P 1200 1640 1860 2060 2260 2300 
CelTi V 700 700 660 560 520 400 

kisisxevi P 800 950 1300    
kisisxevi V 540 600 620    

 
2 cxrilSi mocemulia md. alaznisa da misi Senakadebis sazrdoobis wyaroebi 

[1] naSromis mixedviT, romlis Tanaxmad md. alazanze sof. SaqrianTan mdinaris 
wylis mTliani moculobis (1988 mln m3) 42,8 % anu 594,1 mln m3 miwisqveSa gruntis 
wylebia, 30,5 % anu 423,3 mln m3 wvimis wylebia da mxolod 26,7 % anu 370,6 mln m3 
aris Tovlis nadnobi wylebi. 

amave cxrilidan irkveva, rom sazrdoobis wyaroebis TiTqmis aseTive 
Sefardebaa md. alaznis Senakadebzec, im gansxvavebiT, rom maT sazrdoobaSi ufro 
meti wili (50–52 %) modis miwisqveSa gruntis wylebze, vidre TviT md. alazanze. 

 



 
 

73 
 

cxrili 2.  mdinareTa Camonadeni (mln m3) da sazrdoobis wyaroebi (%) 
md. alaznis auzis teritoriaze [1] 

mdinare – punqti 
auzis 

farTobi,km2 
saSualo 
simaRle, m 

Camonadeni 
mln. m.3 

miwis 
qveSa 

Tovlis wvimis 

alazani – Saqriani 2200 1250 1388 42,8 26,7 30,5 
stori – leCuri 212 1840 243 48,0 28,0 24,0 
didxevi – artana 86 1560 102 52,0 24,8 23,2 
CelTi – boginis 60 1990 68 50,2 20,8 29,0 

CarTlisxevi – xizabavra 38 1730 47 49,5 16,4 34,1 

 
sayuradReboa agreTve md. alaznis auzSi arsebuli wylis balansis elemente-

bis mniSvnelobebi [2] cnobaris mixedviT: saqarTvelos farglebSi md. alaznis wyal-
Semkrebi auzis 5462 km farTobis zedapirze mosuli wliuri naleqebis mTliani ra-
odenoba 5957 mln m-s Seadgens, saidanac 2848 mln m ixarjeba aorTqlebaze, danarCeni 
3109 mln m wyali ki Caedineba mdinareebSi, romlidanac 1284 mln m warmoadgens mi-
wisqveSa gruntis wylebs, e.i. zedapiruli Camonadeni Seadgens mxolod 1825 mln m-
s.procentuli ganzomilebiT es monacemebi ase nawildeba md. alaznis auzis zeda-
pirze mosuli naleqebis 47,8 % haerSi orTqldeba, 52,2 % Cadis mdinareebSi, romlis 
58,8 % wyali Caedineba mdinareTa kalapotebSi zedapiruli Camonadenis saxiT, danar-
Ceni 41,2 % ki miwisqveSa Camonadenis saxiT xvdeba mdinareTa kalapotebSi. 

amrigad md. alaznisa da misi Senakadebis wylis Camonadenis formirebaSi aRin-
iSneba gruntis wylebis didi upiratesoba, rac gamowveulia imiT, rom alaznis auz-
Si miwisqveSa wyalSemcveli horizontis 3000 km-iani farTobi udidesia aRmosavleT 
saqarTveloSi, sadac bunebrivi mtknari wylis resursi 24,4 m/wm-s Seadgens, romlis 
saeqspluatacio maragi 19 m/wm-s Seadgens. 

3 cxrilSi mocemulia md. alazanze da mis Senakadebze arsebuli wylis resur-
sebi da maT Soris miwisqveSa gruntis wylebis Camonadeni da misi wili wliur Camo-
nadenSi [2] cnobaris mixedviT. alaznis arteziuli auzis maRali wyalSemcveloba 
ganpirobebulia aq mdebare wyalSemcveli horizontis hifsometriuli zedapiris 
didi daxrilobiT da misi maRali filtraciuli TvisebebiT. aq arsebuli bunebrivi 
arteziuli wylis resursebis modulia 10 l/wm km2 farTobze anu misi fena 315 mm-ia. 

 
cxrili 3.  md. alaznis auzis wylis resursebi [2] 

mdinare 
farT- 
obi 
km2 

simaRle 
m 

sigrZe 
km 

saSualo wliuri 
Camonadeni 

miwisqveSa 
Camonadeni 

xarjim3/wm 
mocul. 
mln m3. 

fena 
mm. 

mln 
m3 

(%) 
wl. 

alazani 
mazimCai 

5546 940 168 98,2 3110 547 12,84 41,2 

alazani 
joyolo 

276 2220 36,5 14,5 456 1660   

Saqriani 2203 1250 91,6 43,1 1360 620 642 47,4 

ilto 337 1250 45 7,49 236 700   
stori 281 1610 41 9,15 288 1025   
stori 
leCuri 

212 1840 25 7,71 243 1150 121 50,0 

lopota 
didxevi 

263 1400 32,5 7,10 224 850   

didxevi 
artana 

86 1560  3,17 100 1160 423 42,3 

kabali 394 850 49 10,3 325 820   

 
miwisqveSa gruntis wylebis aseTi didi maragi md. alaznis auzSi metad 

mniSvnelovania mdinaris Camonadenis regulirebisaTvis, gansakuTrebiT mSrali 
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klimatis pirobebSi, rodesac atmosferuli naleqebi ar modis da mdinareSi wydeba 
wylis zedapiruli Camonadeni da am dros mdinare sazrdoobs mxolod gruntis wylebiT. 

hidrologiaSi gruntis wylebis Camonadenis praqtikuli gaangariSebisaTvis 
iyeneben meJenis (wyalmcirobis) periodis minimalur dRe-Ramur an 10 dRian (dekadur) 
an 30 dRiani xangrZlivobis umcires Tviur wylis xarjebs. 4 cxrilSi mocemulia 
md. alaznis auzis mdinareTa minimaluri 30 dRiani da dRe-Ramuri wylis xarjebi 
miRebuli [3] naSromSi 1980-ian wlebamde arsebuli yoveldRiur dakvirvebaTa mona-
cemebis safuZvelze. 

5 cxrilSi mocemulia md. alazanze da mis Senakadebze meJenis sezonis 10 
dRiani minimaluri Camonadeni sxvadasxva (75%-dan 99%-mde) uzrunvelyofiT, [4] 
cnobaris mixedviT. maRalmTian mdinareTa auzebSi meJenis sezoni zamTris TveebSi 
aRiniSneba, dabalmTian auzebSi ki zafxulobiT da Semodgomazec. yvela mdinareze 
umciresi CamonadeniT xasiaTdeba zamTris Tveebi. 

Cven mier gaangariSebul iqna md. alaznis dekaduri wylis xarjebis saSualo 
mravalwliuri mniSvnelobebi, maTi wili wliur CamonadenSi, maTi cvalebadoba 
(variaciis koeficienti) da eqstremaluri (udidesi da umciresi) sidideebi. rogorc 
irkveva md. alazanze umciresi wylis xarjebi sof. birkianTan (2,6–2,9 m3/wm) 
aRiricxeba Tebervlis I dekadidan martis I dekadamde, xolo sof. SaqrianTan 
umciresi dekaduri xarji (4,5 m3/wm) aRricxulia zafxulSic (agvistos III dekadaSi) 
da zamTarSic (dekembris III dekadaSi). 

dRe-Ramuri wylis xarjebis mixedviT ki, yvelaze umciresi minimaluri wylis 
xarjebis mniSvnelobebi md. alazanze sof. birkianTan aris 1 m3/wm, romelic 
aRiricxa 1958 wels, sof. SaqrianTan ki aris 3,8 m3/wm aRricxuli 1977 wels. 

 
cxrili 4.  md. alaznisa da misi Senakadebis 30 dRiani da dRe-Ramuri minimaluri 

wylis xarjebi (m3/wm) [3] 

mdinare – 
punqti 

dakvirvebis 
periodi 

wlebis 
raodenoba 

30 dRiani dRe-Ramuri 

saSualo minimaluri saSualo minimaluri 
alazani – 
birkiani 

1951 – 1980 30 5,23 3,48 4,17 1,00 

alazani – 
Saqriani 

1936 – 1980 45 15,8 5,66 13,7 3,80 

alazani – 
Wiauri 

1936 – 1980 45 20,8 8,52 17,3 5,33 

alazani – 
zemo qedi 

1958 – 1980 22 38,8 18,8 34,0 17,4 

samyuriswy.–
xadori 

1951 – 1980 30 1,72 1,12 1,32 0,36 

stori – 
leCuri 

1946 – 1980 35 2,72 1,89 2,44 1,40 

didxevi – 
artana 

1946 – 1980 35 1,10 0,63 0,97 0,58 

inwoba – 
sabue 

1958 – 1980 22 0,40 0,11 0,27 0,03 

CelTi – 
Silda 

1951 – 1980 31 0,54 0,21 0,41 0,01 

duruji - 
yvareli 

1961 – 1980 20 0,54 0,28 0,45 1,23 

 
aRsaniSnavia, rom bolo periodSi avtorTa koleqtivis mier warmodgenil [5] 

naSromSi mdinaris CamonadenSi gruntis wylebis maragis SefasebisaTvis 
rekomendirebulia gamoyenebul iqnes zamTris periodis minimaluri Tviuri wylis 
xarji. amasTan dakavSirebiT, md. alazanze Tu SevadarebT mdinaris wylis saSualo 
Tviur da dRe-Ramur xarjebs, irkveva, rom sof. birkianTan minimaluri Tvis xarji 
aRiricxeba TebervalSi, romelic Seadgens 5,38 m3/wm-s, rac 4,38 m3/wm-iT anu 4-jer 
aRemateba minimalur dRe-Ramur (1 m3/wm) xarjs. sof. SaqrianTan ki, sadac minimaluri 
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dRe-Ramuri wylis xarji iyo 3,8 m3/wm, minimaluri Tviuri xarji ianvarSi 19 m3/wm-s 
Seadgens, rac 15,2 m3/wm-iT, e.i. 4-jer aRemateba mis minimalur xarjs. 

 
cxrili 5.  md. alaznis auzis mdinareTa meJenis sezonis 10 dRiani minimaluri 

Camonadeni sxvadasxva uzrunvelyofiT [4] 

mdinare–
punqti 

meJenis 
sezoni 

saSualo 10 dRiani minimaluri Camonadenis moduli 
(l/wm, km2) % uzrunvelyofiT xarji moduli 

m3/wm l/wm,km2 75 80 85 90 95 97 99 
alazani–
birkiani 

zamTari 4,66 16,5 13,5 13,1 12,4 11,3 10,3 9,57 8,51 

alazani– 
Saqriani 

zafxul – 
Semodgoma 

21,6 9,86 7,67 7,26 6,76 6,21 5,43 4,98 4,16 

zamTari 16,3 7,44 5,66 5,34 4,93 4,47 3,93 3,56 2,92 

alazani– 
Wiauri 

zafxul – 
Semodgoma 

20,9 4,61 2,74 2,43 2,16 1,81 1,39 1,12 0,77 

zamTari 25,4 5,61 4,26 4,02 3,73 3,40 2,96 2,69 2,21 
samyuriswy.– 

xadori 
zamTari 1,25 10,3 8,84 8,60 8,26 7,77 7,19 6,78 6,12 

stori – 
leCuri 

zafxul – 
Semodgoma 

3,22 15,2 11,9 11,3 10,1 9,70 8,58 7,85 6,63 

zamTari 2,40 11,8 9,85 9,60 9,16 8,62 7,88 7,54 6,65 

didxevi – 
artana 

zafxul – 
Semodgoma 

1,07 13,7 10,4 9,87 9,10 8,33 7,31 6,54 5,38 

zamTari 0,90 11,5 8,85 8,46 7,82 7,18 6,28 5,64 4,74 
inwoba – 
sabue 

zamTari 9,18 0,38 7,00 6,52 6,28 5,80 5,07 4,59 3,86 

 
am mxriv aRsaniSnavia is faqti, rom md. alazanze aRricxuli minimaluri 

dekaduri wylis xarjebi (sof. birkianTan 2,6 m3/wm da sof. SaqrianTan 4,5 m3/wm) ufro 
axlosaa mis minimalur dRe-Ramur xarjebTan (1 m3/wm da 3,8 m3/wm). 

amrigad daskvnis saxiT SeiZleba aRvniSnoT, rom vinaidan soflis meurneobaSi 
mdinareTa sairigacio sistemebis momsaxurebisa da sarwyavi wylis raodenobis 
SefasebisaTvis tradiciulad gamoiyeneba mdinareTa wylis dekaduri xarjebis 
mniSvnelobebi, amitom md. alazanze minimaluri Camonadenis SefasebisaTvis SeiZleba 
gamoviyenoT maTi dekaduri wylis xarjebis mniSvnelobebi sof. birkianTan 2,6 m3/wm 
da sof. SaqrianTan 4,5 m3/wm. 
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bolo wlebSi aRmosavleT saqarTveloSi gvalvebi did zians ayenebs soflis 
meurneobas. miRebulia dazustebuli minimaluri wylis xarjebi da maTi albaTuri 
mniSvnelobebi md. alaznisa da misi Senakadebisa, romlebic aucilebelia wylis 
resursebis racionaluri gamoyenebisaTvis. 
 

UDC 551 

ESTIMATION OF THE MINIMUM STREAM FLOW FOR THE RIVER ALAZANI AND ITS 

AFFLUENTS/Basilashvili Ts./ Transactions of the Institute of Hydrometeorology, Georgian Technical 

University. Vol.123., 2016, pp.72-76, Georg.; Summ. Georg., Eng., Russ. 

The last years the draught had been highly detrimental to agriculture in Easters Georgia. There have been 

determined minimum stream flow and their probable values for the rivers Alazani and its affluents, which are 

essential from rational utilization of water resources. 
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Института Гидрометеорологии Технического Университета Грузии. Тю123.,2016. с.72-76, Груз., Рез. 

Груз., Анг., Рус. 
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уточнённые характеристики минимального стока воды р. Алазани и её притоков, которые необходимы в 

целях рационального употоребления водных ресурсов. 
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Tanamgzavruli monacemebiT mTis myinvaris firnis xazis simaRlis 

gansazRvra geferis meTodis gamoyenebiT L 
l. Sengelia*, g. korZaxia*, g. Tvauri**, v. comaia*, m. ZaZamia*** 

* saqarTvelos teqnikuri universitetis hidrometeorologiis instituti. 

** iv. javaxiSvilisსახ. Tbilisis saxelmwifo universitetis m. nodias 

სახ.geofizikisinstituti. 
*** saqarTvelos garemos dacvis saministros garemos erovnuli saagento. 

 
statia SesrulebuliaSoTa rusTavelis  

erovnuli samecniero fondis  
finansuri xelSewyobiT fundamenturi  
kvlevebisaTvis saxelmwifo samecniero  

grantis mimdinare proeqtis  
FR /586/9-110/13 farglebSi. 

Sesavali 
myinvarebi planetaruli mniSvnelobis movlenaa. saqarTvelos myinvarebi qveynis 

mniSvnelovani klimatur - ekonomikuri resursia. qveynis klimaturi da orografiuli 
pirobebidan gamomdinare myinvarebi mxolod kavkasionze gvxdeba da maTi raodenoba 

500-s aWarbebs.saqarTveloს myinvarebiMmiekuTvnebian mTis myinvarebs. myinvarebs mniSv-
nelovani roli gaaCniaT klimatis da wylis resursebis formirebaSi. saqarTvelos 
myinvarebis Seswavla 1860 wels daiwyo. saqarTvelos myinvarebi daculia yofili 
sabWoTa kavSiris [1_4] da myinvarebis msoflio katalogSi (World Glacier Inventory 

/akronimi WGI/). myinvarebis katalogSi saqarTvelos myinvarebi calke ar aris ga-
moyofili da mikuTvnebulia yofili sabWoTa kavSiris kavkasiis myinvarul sistemas.  
sabWoTa kavSiris  katalogebis gamocemidan (1975 da 1977 ww.) sagrZnobi droa gasuli, 
xolo myinvarebis ukandaxevis gamo mniSvnelovnadaa Secvlili maTi konturebi, 
farTobebi da sxva maxasiaTeblebi, rac maTi cvlilebis dawvrilebiT Seswavlas 
moiTxovs. amavdroulad am katalogebSi araa moxvedrili yvela mcire myinvari, xSir 
SemTxvevaSi ar aris moyvanili myinvaris firnis xazis simaRlis mniSvnelobebi, 
gansakuTrebiT mcire myinvarebisaTvis. 

amgvaradmniSvnelovania myinvarebis sxvadasxva maxasiaTeblebis dadgena. am 
maxasiaTeblebidan aucilebelia ganisazRvros myinvarebis firnis xazis simaRle 
Tanamedrove teqnologiuri da inovaciuri meTodebiT, rac safuZvelia   myinvarebis 
ablaciis da akumulaciis farTobebis daangariSebisaTvis,rac Tavis mxriv bazisia 
myinvarebSi arsebuli mtknari wylis maragis dadgenisaTvis. 

 

ZiriTadi nawili 
miwispira monacemebiTfirnis xazis gansazRvrisaTvis arsebobspirdapiri da 

arapirdapiri meTodebi.  
pirdapiri meTodiT firnis xazis gansazRvra xdeba uSualod velze. zafxulis 

bolos glaciologi auyveba myinvaris zedapirs. dasawyisSi mas xvdeba SiSveli 
myinvari. zemoT, myinvaris zedapirze jer gamoCndeba Tovlis laqebi, romlebic 
simaRlis zrdasTan erTad raodenobrivad izrdebian da garkveul simaRleze qmnian 
erTian safars. swored aq mdebareobs firnis xazi[5]. 

firnis xazis gansazRvris arapirdapiri meTodebi damuSavebuli aqvT gefers, 
gess, reids, kurovskis da sxva. arapirdapiri meTodebidan moviyvanoT geferis da 
gesis meTodebi [5]. myinvarebis katalogSi saqarTvelos myinvarebis firnis xazis 
simaRle ZiriTadad gansazRvrulia geferis meTodiT.  

geferis meTodiT firnis xazis simaRle aris saSualo ariTmetikuli firnis 
auzis Semomfargvleli reliefis saSualo simaRlis da myinvaris enis bolos 
simaRles Soris. amasTan reliefis saSualo simaRle ganisazRvreba myinvaris 
garSemo yvelaze maRali mwverval(eb)isa da maT Soris arsebuli gadasasvlel(eb)is 
simaRleebis saSualoTi [5]. 

amgvarad geferis meTodiT firnis xazis simaRle gamoiTvleba formuliT: 
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T = (S+M)/2                                                  (1), 

 

sadacT-Ti mocemulia firnis xazis simaRle, xolo Sesabamisad S da M arian 
firnis auzis Semomfargvleli reliefis saSualo simaRle da myinvaris enis bolos 
simaRle anu myinvaris minimaluri simaRle. formula(5) gamoiyeneba ablaciis 
periodis bolos. saqarTvelosaTvis es periodi meryeobs zafxulis bolodan Sua 
Semodgomamde, rasac ganapirobebs adgilmdebareoba da amindis pirobebi. 

Mmeore arapirdapiri meTodi myinvarisfirnis xazis simaRlis gansasazRvravad 
aris morfologiuri meTodi (gesis meTodi).ablaciis miwuruls myinvaris firnis 
xazi SesaZlebelia pirdapir gaivlos naxazze mocemul myinvaris zedapirze.myinvaris 
enaze, ablaciis zonaSi hipsometriuli mrudebi myinvaris moZraobis mimarTulebiT 
amozneqili arian, xolo firnis auzSi Cazneqili. firnis xazi maT Soris mdebareobs 
da SedarebiT swori xaziT aris warmodgenili. es vizualurad kargad Cans, Sesabamis 
topografiul rukaze. 

dResdReobiT, myinvarebis mdgomareobis miwispira dakvirvebebiT garkveuli 
regularobiT gaSuqeba faqtiurad SeuZlebelia. orive meTodi firnis xazis 
simaRlis gansazRvris, rogorc pirdapiri aseve arapirdapiri, Sromatevadi da 
ekonomiurad Zviria. 

Ddadginda, rom myinvarebis Seswavla dedamiwis Tanamgzavruli dakvirvebebiT 
efeqturi alternativaa maTi kvleva-dakvirvebisaTvis da sxvadasxva samecniero 
amocanis gadaWrisaTvis,maT Soris firnis xazis simaRlis gansazRvrisaTvis [6_10].    
A 

Tanamgzavruli distanciuri zondirebis gamoyenebiT myinvarebis monitoringi 
unda warmoebdes drois iseT SualedSi, roca minimaluria Tovlis safari anu 
periodisaTvis ablaciis miwurulidan xelaxal gaTovebamde. Tanamedrove klimatis 
pirobebSi saqarTvelosaTvis es droiTi intervalia agvistos bolodan daaxloebiT 
oqtombris dasawyisamde. 

myinvarebis ablaciis miwuruls miRebuli firnis xazi Seesabameba WeSmarit 
Tovlis xazs. 

didi zomis myinvarebisaTvis ablaciis miwuruls myinvaris firnis xazi Tanam-
gzavrul suraTzevizualuradac aris gamokveTili. am periodSi firnis da Tovlis 

mdebareoba maqsimalur simaRles aRwevs, რაც  reliefSic mkveTrad aris gamoxatuli. 
am periodSi firnis xazis dadgena didi myinvarebisaTvis morfologiuradac aris  
SesaZlebeli.  

magaliTisaTvis sur. 1-ze warmodgenilia myinvar gergeTis Tanamgzavruli sura-
Ti, romelzec reliefis cifruli modelis gamoyenebiT 30 m bijiT datanilia simaR-
lis izoxazebi _ hipsometriuli mrudebi, konturi (gansazRvruli Tanamgzavruli 
distanciuri zondirebiT /Tdz/) da morfologiuri meTodiT gavlebuli firnis xazi 
(aRniSnulia SedarebiT sqeli xaziT). rogorc sur. 1-ze Cans morfologiuri meTodiT 
gavlebuli mrudi mdebareobs SedarebiT swori izoxazis gaswvriv, amozneqil da Caz-
neqil izoxazebs Soris. 

Tdz-is monacemebiT myinvarebis maxasiaTeblebis dasadgenad pirvel rigSi saWi-
roa maTi konturebis dadgena. Tdz-ismonacemebis damuSavebisaTvis saWiro meTodo-
logiuri sakiTxebi, gamoyenebuli programuli saSualebebi da sistemebi, reliefis 
3D ganzomilebaSi ageba, konturebis gavleba da dazusteba saeqsperto codnisa da 
miwispira dakvirvebebis gamoyenebiT da sxva dawvrilebiTaa gaSuqebuli  [6_10].     

Tanamgzavruli monacemebiT geferis meTodiT sargeblobisas formula (1)შemdeg-
nairad transformirdeba:  

 

T1= (S1+M1)/2                                     (2). 

formulaSi indeqsi „1“ miuTiTebs, rommoyvanili sidideebi ganekuTvnebian Tdz-s 
monacemebs. 
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sur.1. Tanamgzavruli suraTis mixedviT(2010wlis1seqtemberi) gergeTis myinvaris 
simaRlis izoxazebi, konturi da firnis xazi (aRniSnulia SedarebiT sqeli xaziT).  

 

myinvaris firnis xaziს simaRle rom ganisazRvros saWiroa: myinvaris minimaluri 
simaRle (M1), rac Tdz-s monacemebiTSedarebiTmartivad  ganisazRvreba da firnis 
auzis Semomfargvleli reliefis saSualo simaRle (S1). am ukanasknelis dadgena 
Tdz monacemebiT SeuZlebelia, radgan miwispira monacemebiT geferis meTodis 
gamoyenebis dros ar aris cnobili ra monacemebia gamoyenebuli TiToeuli 

myinvarisaTvis,kerZodromeli da ramdeni mwvervali da gadasasvleli aiRes.    
am problemas advilad gadavwyvetT, Tuki gamoviyenebT im faqts, rom firnis 

auzis Semomfargvleli reliefis saSualo simaRle katalogisa da Tdz-is 
monacemebiT faqtiurad tolia anu  

 
S= S1                                                                                       (3). 

 
formula (1)-is mixedviT: 
 

S1 = S = 2T-M                                                                            (4). 
 
formula @(2)-Si (4)-is SetaniT vRebulobT: 
 

T1 = (2T-M+M1)/2                                                                      (5). 

 
amgvarad gamoyvanilia Tdz-is monacemebiT firnis xazis gamoTvlis maTematikuri 

formula (5). am formulis upiratesoba mdgomareobs imaSi, rom Semavali sidideebis 
gansazRvra ase Tu ise martivia, xolo firnis auzis Semomfargvleli reliefis 
saSualo simaRle am formulaSi gamoricxulia. 

cxril 1-Si moyvanilia myinvarwveris myinvarebis firnis xazis simaRlis (T1)-

isgamoTvlisaTvis saWiro maxasiaTeblebi: firnis xazis simaRle katalogis mixedviT 
(T); myinvaris minimaluri simaRle  katalogis (M) da Tdz-is monacemebis (M1) 

mixedviT. cxrilis bolo svetSi moyvanilia (5) formuliT gamoTvlili firnis xazis 

simaRleebi (T1).  
unda aRiniSnos, rom (5) formulis mixedviT gamoTvlili 1-l cxrilSi moyvanili 

gergeTis myinvaris firnisxazissimaRle 3760.5 m emTxveva gesis meTodiT gavlebul 
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firnis xazis mniSvnelobas izoxazebis rukaze, romelic  warmodgenilia 1-l 
suraTze. aseve karg TanxmobaSia es monacemebi cxrilis sxva myinvarebisTvisac. 

geferis meTods is upiratesoba gaaCnia, rom gesis meTodisagan gansxvavebiT igi 
ar aris damokidebuli reliefis cifruli modelis SerCevaze. 

unda aRiniSnos, rom cxrilSi mocemuli myinvarwveris yvela myinvaris firnis 
xazis simaRle gamoTvlili Tdz-ismonacemebis safuZvelze gazrdilia, myinvarebis 
katalogis mixedviT moyvanil monacemebTan SedarebiT. am monacemebs Soris droiTi 
Sualedi daaxloebiT 50 welia. droSi es sxvaoba da klimatis Tanamedrove 
cvlileba ganapirobebs myinvaris firnis xazis simaRlis zrdas.  

cxrili 1. 

 
# 

myinvaris 

saxelwodeba da № 

myinvarebis 
msoflio 
katalogSi 

saindentifikacio 

kodiID 

 
minimaluri 
simaRle 

(m) 

firnis 
xazis 

simaRle (m) 

( M) ( M1) (T) ( T1) 

1 maili, 248 SU4G08010041 2360 2469 3170 3224.5 

2 WaWi, 242 SU4G08011046 3230 3239 3660 3664.5 

3 devdoraki, 241 SU4G08011048 2260 2392 3260 3326 

4 abano, 240 SU4G08011049 2950 3020 3700 3735 

5 gergeTi, 238 SU4G08011052 2870 3091 3650 3760.5 

6 235 SU4G08011056 3350 3758 3680 3884 

7 denkera, 234 SU4G08011057 3500 3655 3770 3847.5 

9 233a SU4G08011059 3440 3450 3760 3765 

10 mna, 233 SU4G08011060 2860 3036 3480 3568 

12 aRmosavleT suaTisi, 231 SU4G08011062 3000 3230 3500 3615 

13 Sua suaTisi, 230 SU4G08011063 2850 2975 3520 3582.5 

14 dasavleT suaTisi, 229 SU4G08011064 3070 3284 3600 3707 

15 222 SU4G08011072 3150 3334 3490 3582 

 

myinvarwveris myinvarebis ricxviTi maxasiaTeblebi: minimaluri simaRle 

myinvarebis katalogis (M) daTdz-is monacemebis (M1)mixedviT; firnis xazis 

simaRlemyinvarebis katalogis (T) dagamoTvlili Tdz-is monacemebis (T1)mixedviT 

 

დaskvna 
firnis xazis simaRle erTerTi mniSvnelovanimaxasiaTebelia myinvaris 

mdgomareobis asaxvisaTvis.  
miwispira monacemebiTfirnis xazis gansazRvrisaTvis arsebobspirdapiri da 

arapirdapiri meTodebi. pirdapiri meTodiT firnis xazis gansazRvra xdeba uSualod 
velze.  

firnis xazis gansazRvris arapirdapiri meTodebi damuSavebuli aqvT gefers, 
gess, reids da sxva. saqarTvelos myinvarebisaTvis firnis xazis simaRle ZiriTadad 
gansazRvrulia geferis meTodis safuZvelze da Sesabamisi monacemebi moyvanilia 
ssrk myinvarebis katalogSi. Uunda aRiniSnos, rom orive meTodi firnis xazis 
simaRlis gansazRvrisaTvis, rogorc pirdapiri aseve arapirdapiri Sromatevadi da 
ekonomiurad Zviria. amasTan erTad dResdReobiT myinvarebis mdgomareobis miwispira 
dakvirvebebiT garkveuli regularobiT gaSuqeba faqtiurad SeuZlebelia.  

myinvarebis firnis xazis simaRlis gansazRvra da Tanac ara yvelasi  
miwispira dakvirvebebiT bolos Catarda daaxloebiT 50 wlis winaT. aucilebelia 
myinvarebis firnis xazis simaRlis gansazRvra Tanamedrove teqnologiuri da 
inovaciuri meTodebiT, rac safuZvelia myinvarebis ablaciis da akumulaciis 
farTobebis dadgenisaTvis, rac Tavis mxriv bazisia myinvarebSi arsebuli mtknari 
wylis maragis dadgenisaTvis. 
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rogorc dadginda myinvarebis Seswavla dedamiwis Tanamgzavruli dakvirvebe-
biT efeqturi alternativaa maTi kvleva-dakvirvebisaTvis da sxvadasxva samecniero 
amocanis gadaWrisaTvismaT Soris firnis xazis simaRlis gansazRvrisaTvis. A 

Tdz-is monacemebze dayrdnobiT firnis xazis simaRlis dadgenisaTvis 
SesaZlebelia gamoyenebul iyos morfologiuri meTodi, Tumca is yovelTvis 
efeqturi ar aris. geferis meTods is upiratesoba gaaCnia, rom gesis meTodisagan 
gansxvavebiT igi ar aris damokidebuli reliefis cifruli modelis SerCevaze. 
kvlevaSi miRebulia specialuri maTematikuri formula, romelic saSualebas iZleva 
gamoviTvaloT firnis xazis simaRle integralurad miwispira da Tanamgzavruli 
monacemebis gamoyenebiT. formulaSi Semavali sidideebi: minimaluri simaRleebi 
myinvarebis katalogis da Tdz-ismonacemebis mixedviT dafirnis xazis 
simaRlemyinvarebis katalogismixedviT cnobilia. 

winamdebare samuSaoSi myinvarwveris im myinvarebisaTvis, romlis 
maxasiaTeblebi winaswaraa gansazRvruli Tdz-is monacemebis damuSavebiT, 
gansazRvrulia firnis xazis simaRleebi. erTi myinvaris gergeTis magaliTze 
gadamowmebisaTvis gaTvlilia firnis xazis simaRle morfologiuri meTodiTac.  
formulis mixedviT gamoTvlili gergeTis myinvaris firnisxazis simaRle 3760.5m 

emTxveva gesis meTodiT gavlebul firnis xazis mniSvnelobas.aseve karg TanxmobaSia 

es monacemebi cxrilis sxva myinvarebisTvisac, rac metyvelebs miRebuli 
maTematikuri formulis efeqturobaze.    
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uak 551.50.501.7 
Tanamgzavruli monacemebiT mTis myinvaris firnis xazis simaRlis gansazRvra 

geferis meTodis gamoyenebiT/l. Sengelia, g. korZaxia, g. Tvauri, v. comaia, ZaZamia m/. 
saqarTvelos teqnikuri universitetis hidrometeorologiis institutis SromaTa 

krეbuli, 2016,t.123, gv.77-82. qarT. rez: qarT., ingl., rus.  
statiaSi moyvanilia miwispira monacemebiTmTis myinvarebisfirnis xazis 

gansazRvris pirdapiri da arapirdapiri meTodebi. orive meTodi firnis xazis 
simaRlis gansazRvrisaTvis, rogorc pirdapiri aseve arapirdapiri Sromatevadi da 
ekonomiurad Zviria. amasTan erTad dResdReobiT myinvarebis mdgomareobis miwispira 
dakvirvebebiT garkveuli regularobiT gaSuqeba faqtiurad SeuZlebelia.  naSromSi 
warmodgenilia  alternatiuli SesaZlebloba - Tanamgzavruli distanciuri 
zondirebiT mTis myinvaris firnis xazis gansazRvris meTodologia. firnis xazis 
simaRlis gansazRvrisaTvisgamoyvanilia maTematikuri formula miwispira da 
Tanamgzavruli kompleqsuri monacemebis da geferis meTodis gamoyenebiT. 
moyvanilia firnis xazis simaRlis gansazRvris Sedegebi. … firnis xazis simaRlis 
gaTvlili da morfologiuri meTodiT miRebuli mniSvnelobebi erTmaneTs emTxveva, 
rac metyvelebs miRebuli maTematikuri formulis efeqturobaze.    

 
UDC 551.50.501.7D 

Determination of the firn line elevation of mountain glaciers based on satellite remote sensing data L. 

Shengelia, G. Kordzakhia, G. Tvauri, M. Dzadzamia /L. Shengelia, G. Kordzakhia, G. Tvauri, V. Tsomaia, 

M. Dzadzamia/ Transactions of the Institute of Hydrometeorology et the Georgian Technical University. 2016, 

vol.123, pp. 77-82.Georg., Summ: Georg., Eng., Rus. 

In the article direct and indirect methods for determination of the firn line height of mountain glaciers 

according to ground-based observations are considered. Both ground based methodologies are labor intensive 

and expensive. At the same time coverage of the glaciers with a certain regularity ground-based surface 

observations is impossible. In the research the alternative possibility - the methodology of determination of the 

firn line elevation of mountain glaciers based on satellite remote sensing is presented. The mathematical 

formula for determination of the firn line height using the Hefer method based on complex data of surface and 

satellite origin is created. Corresponding results of determination of the firn line elevation are presented. 

Comparison of the values of the firn line heights calculated by formula and determined by morphological 

method coincide. That shows the effectiveness of received mathematical formula.   

 

УДК 551.50.501.7. 

Поданнымспутниковогодистанционногозондированияопределениефирновойлиниигорныхледни

ковсиспользованиемметодаГефера/ Л.Д. Шенгелия, Г.И. Кордзахия, Г.А. Тваури, В.Ш. Цомая/ Сб. 

Трудов Института Гидрометеорологии ГрузинскогоТехнического университета. 2016. вып.123, c.77-82.  

Груз. Рез: Груз.,Англ., Рус. 

В статье рассмотрены прямые и косвенные методы определения фирновой линии горных ледников по 

данным наземных наблюдений. Оба из них являются трудоемкими и дорогими. В то же время по 

данным наземных наблюдений освещение состояния ледников с определенной регулярностью 

невозможно. В работе рассмотрена алтернативная возможность - методология определения фирновой 

линии горных ледников по данным спутникового дистанционного зондирования. Выведена  

математическая формула для определения высоты фирновой линии на основе данных наземных и 

спутниковых наблюдении с использованием метода Гефера. Представлены соответствующие 

результаты определения высоты фирновой линии. Сравнение величин высот фирновой линии 

рассчитаннных с использованием указанной формулы и полученных морфологическим методом 

указывает на хорошее совпадениею Это показывает на эффективность полученной  математической 

формулы. 
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uak. 551.551.1, 551.575-6 
klimatis cvlilebis gavlena mdinaris Camonadenze 

da mis myinvarul sazrdoobaze (md. enguri-sag.xaiSis kveTis magaliTze) 
n.begaliSvili, T.cincaZe, n.n.begaliSvili, n.cincaZe 

saqarTvelos teqnikuri universitetis hidrometeorologiis instituti 

 
Sesavali. amocanis dasma 

 rogorc cnobilia, bolo 100-150 wlis ganmavlobaSi msoflios bevr regionSi mim-

dinareobs gamyinvarebis degradacia. kavkasiaSi myinvarebis dnoba dakvirvebis tradiciu-

li meTodebiT fiqsirdeba 1850-1965 wlebis periodSi da gamyinvarebis saerTo farTobis 

Semcireba sakmaod kargad aRiwereba wrfivi kanoniT [1]. es procesi grZeldeba dRemde, ra-

sac adastureben gasuli saukunis meore naxevarSi dawyebuli distanciuri zondirebis, 

kerZod ki Tanamgzavruli monacemebi [2]. imis gaTvaliswinebiT, rom ХХ saukunis 90-ian 

wlebSi dafiqsirebuli globaluri daTbobis intensivoba dRemde izrdeba, didi alba-
TobiT SeiZleba vivaraudoT myinvarebis ukan daxevis gagrZeleba inerciiT uaxlesi 50 

wlis ganmavlobaSi mainc. 
gamyinvarebis degradaciasTan mWidro kavSirSia myinvaruli mdinaris Camonadenis 

cvlileba, misi myinvaruli kvebis dinamika. amotom, aseTi tipis mdinaris Camonadenze 
dakvirvebis monacemebi SeiZleba gamoyenebul iqnas wyalSemkrebze da saerTod regionSi 

klimatis cvlilebis indikatorad. mocemul naSromSi ganxilulia md.enguris-saguSago 

xaiSis kveTisTvis damaxasiaTebeli hidrometeorologiuri informacia wyalSemkrebze, 
radgan swored am SemTxvevaSi dafiqsirebulia myinvaruli sazrdoobis yvelaze didi 

mniSvneloba kavkasiis da kerZod dasavleT saqarTvelos mdinareebisaTvis [3]. mraval-

wliani dakvirvebebis mixedviT xaiSis kveTSi md. enguris myinvaruli sazrdooba Sead-

gens misi sruli Camonadenis 20-30%-s. aseT pirobebSi md. enguris myinvaruli kvebis sidi-

dis gamoyofa, misi ryevebis da cvlilebis tendenciis Seswavla ufro xelsayrelia, vid-

re sxva mdinaris SemTxvevaSi. naSromSi [4] mocemulia zogierTi kvlevis Sedegi, romelic 

exeba md.enguris Camonadenze klimatis cvlilebis gavlenas. kerZod, myinvar WalaaTze 

Catarebuli gazomvebis arsebuli monacemebis mixedviT [4,5], ganxilulia damokidebule-

ba zedapirul modnobasa da myinvarul Camonadens Soris. sakmaod gabeduli daSvebebis 

gaTvaliswinebiT Sefasebulia 2100 wlisTvis enguris auzSi myinvarTa farTobebis, myin-

varuli Camonadenis da mdinaris sruli Camonadenis  Semcirebis savaraudo maCveneblebi. 

Tu miviRebT mxedvelobaSi, rom Catarebul kvlevebSi saerTod ar aris gamoyenebuli md. 

enguris auzSi haeris temperaturisa da naleqTa jamebis, aseve sruli Camonadenis buneb-

rivi (dakvirvebuli) monacemebi da ar aris ganxiluli maTi cvlileba, sruli Camonade-

nis kavSiri modnobasa da myinvarul kvebasTan, SeiZleba miuTiTod miRebuli Sedegebis 

dabal saimedoobaze. swored aRniSnuli sakiTxebis gadawyveta warmodgenilia mocemu-

li naSromis kvlevis SedegebSi. 
 

 kvlevis meTodika. 

myinvaruli Camonadenis gansazRvra moicavs Semdegi amocanebis gadawyvetas: 

1. myinvaruli sazrdoobis mqone mdinaris Camonadenis formirebis maTematikuri 

modelebis Sedgenas; 

2. mdinaris saerTo CamonadenSi myinvaruli wylebis wilis Sefasebas; 

3. klimatis Tanamedrove cvlilebis pirobebSi sruli da myinvaruli Camonadenis 

dinamikis gamokvlevas. 
ufro dawvrilebiT warmovadginoT myinvaruli Camonadenis gansazRvris meTodo-

logia md. enguri – s. xaiSis Camketi kveTis magaliTze.  
myinvaruli Camonadenis gamokvleva SeiZleba Sesruldes mdinaris saerTo Camona-

denis formirebis maTematikuri modelis safuZvelze. modeli SeiZleba asaxavdes R Camo-

nadenis empiriul – statistikur kavSirs temperatura – naleqebis (t, P) kompleqsTan, anu 



 
 

84 
 

unda moiZebnos funqcia R = f (t, P). amisaTvis gamoyenebuli iqneba xaiSis meteosadgurisa 

da hidrologiuri saguSagos istoriuli monacemebi, aseve wyalSemkrebze hidrometeor-

ologiuri qselis sxvadasxva dros arsebuli punqtebis informacia. hidrometeorol-
ogiuri maxasiaTeblebis rigebSi gamotovebuli elementebis gansazRvra da rigebis miyva-

na erTi da igive periodamde (interpolacia da eqstrapolacia) Sesrulebulia empiriu-

li funqciis orTogonalur mdgenelebad (veqtorebad) daSlis meTodiT.  

meore amocana SeiZleba gadawydes, wyalbalansuri tipis modelebis agebiT, ro-
melTa zogadi warmodgena daiyvaneba gantolebaze 

 

R = Rgr +Rnal + Rmy .                                                                  (1) 
 

aq R – mdinaris sruli Camonadenia, Rgr – miwisqveSa (gruntis wylebis) Camonadeni, Rnal – 

atmosferuli naleqebiT formirebuli Camonadeni, xolo Rmy – myinvaruli Camonadeni. gan-
tolebaSi Semavali myinvaruli Camonadenis komponenti 

Rmy = R – Rgr – Rnal   ,                                                                                  (2) 
 

SeiZleba Sefasdes danarCeni wevrebis gansazRvriT hidrometeorologiur monacemTa ri-

gebis safuZvelze. kerZod, R ganisazRvreba uSualod gazomvebiT miRebuli maxasiaTeb-

lebiT da regresiuli modelis R = f (t, P) gamoyenebiT, Rgr  aiReba, rogorc zamTris Tveeb-

is minimaluri Camonadenis sidide [6], xolo Rnal =(P – E)*K gamoiTvleba erTis mxriv, mdna-

ri myari da Txevadi naleqebisa da meores mxriv, aorTqlebis sidideTa sxvaobiT, aseve 

auzisa da kveTisTvis damaxasiaTebeli Κ Camonadenis koeficientis mixedviT. 
myinvaris ablaciis periodSi warmoqmnili modnobis  sididis gansazRvra 

შეიძლეba, magaliTad, arsebul empiriul gamosaxulebaTa safuZvelze [3]: 

Q = 0.038 F ( 1 + tf ) exp ( 1.37 k1² )                                             (3) 
an 

Q = 0.051 F ( 1 + tf ) ( 0.75 + 2.2 k1³ ).                                          (4) 

 

aq Q m³/wm – nadnobi wylebis saSualo დღეღამური xarjia ablaciis periodSi (aprili – 

oqtomberi), F km² myinvaris zedapiris farTobia, tf °C – firnis xazze haeris  saSualo tem-

peratura aRniSnul periodSi, k1 – myinvaris enisa da misi sruli farTobebis Sefardeba. 

es iZleva saSualebas davadginoT Camket kveTisTvis mdinaris myinvaruli Camonadenis Rmy 

m³/wm wili myinvaruli auzis R m³/wm srul CamonadenSi: 

K2 = Rmy / R × 100% .                                                                   (5) 
 meore amocanis saboloo gadawyveta SeiZleba moxdesa Camonadenis maTematikuri 

modelebis gamoyenebiT, romelTa daxmarebiT SeiZleba ganvsazRvroT myinvaruli Camona-

denis koeficientis yovelwliuri mniSvnelobebi. 

Tu CavTvliT, rom myinvaruli auzidan Camonadeni srulad qmnis Camket kveTSi mdi-

naris myinvarul Camonadens, e.i. Rmy = Q (rac aseve dasadgenia), maSin koeficientis gansaz-

Rvra SeiZleba Semdegi gamosaxulebiT:  

K2 = 0.274 n Q/ R = 0.01 n F ( 1 + tf ) exp ( 1.37 k1² ) / R,            (6) 

sadac n ablaciis periodSi dReTa ricxvia, Q da R saSualo wliuri xarjebia Sesabami-

sad myinvaruli auzidan da mdinaris Camket kveTSi. 

radgan modelებis saSualebiT ganisazRvreba mdinaris yovelwliuri myinvaruli 

da sruli Camonadenis xarjebi, amitom SesaZlebeli xdeba mesame amocanis gadawyveta – 

monacemTa rigebis safuZvelze Sesabamisi trendebis ageba. aseve klimatis cvlilebis 
konkretuli scenarebisaTvis modelis gamoyenebiT SeiZleba davadginoT Camonadenis mo-

salodneli cvlileba, rogorc [7]: 

dR = ( ∂R/∂t ) dt + ( ∂R/∂P ) dP.                                                 (7) 

aq ∂R/∂t da ∂R/∂P –  warmoadgenen Camonadenis kerZo warmoebulebs temperaturisa da nale-

qebis mimarT da fizikuri arsiT gamoxataven Camonadenis mgrZnobiarobas cal–calke tem-
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peraturisa da naleqTa cvlilebis pirobebSi [7]. am sidideTa gansazRvra xdeba Camonade-

nis maTematikuri modelis safuZvelze, xolo dt da dP moicema klimaturi scenariT. an-
alogiurad ganisazRvreba myinvaruli Camonadenis cvlileba klimaturi parametrebis 

varirebis  dros. 
 Tanamedrove globaluri daTbobis pirobebSi sruli da myinvaruli Camonadenis 

dinamikis maxasiaTeblebis Sejereba moxdeba Tanamgzavruli dakvirvebis, myinvarTa 
dinamikis cvlilebis da Camonadenis formirebis  modelebis safuZvelze miRebul 

monacemebTan. 
 Tanamgzavruli monacemebiT da modelebiT miRebuli myinvaruli Camonadenis 
reJimis da misi cvlilebis parametrebi SeiZleba Sedarebuli iqnas hidrografis 

danawevrebiT miRebul maxasiaTeblebTan. 

 

 kvlevis Sedegebi. 

 md. enguris-saguSago xaiSis kveTis mimarT auzis farTobia 2780 km2, misi saSualo 

simaRle-2320 m zRvis donidan. 1938-1990 wlebSi wyalSemkrebze sxvadsxva dros 
funqcionirebda haeris temperaturisa da naleqTa jamebis damdgeni 8 meteosadguri da 

saguSago:  xaiSi, naki, laxamula, dizi, beCo, laxami, mestia, ColaSi. klimatur  cnobarSi, 

romelSic Sesulia informacia haeris temperaturis Sesaxeb, warmodgenilia mxolod 3 

punqtis - xaiSis, beCosa da mestiis monacemebi. am monacemebis mixedviT wyalSemkrebze 

haeris temperaturis saSualo wliuri mniSvneloba Seadgens t=7.6°C. wyalSemkrebze 
naleqTa jamebis wliuri saSualo sidide aRniSnuli 8 meteopunqtis mixedviT tolia 

P=1116 mm. md. enguris saSualo wliuri Camonadenis mniSvneloba xaiSTan 1938-1990 wlebSi 

Seadgenda R=110 m3/wm=1248 mm=3.469km3. ukve am monace-mebidan Cans Seusabamoba 

dafiqsirebul naleqTa jamebsa da Camonadens Soris -  R>P. amitom, yovelwliur 

monacemebze gadasvlisas, umetess SemTxvevaSi Camonadenis koeficienti Κ=R/P erTze meti 

aRmoCnda. aman ganapiroba Semdeg SefasebebSi gvesargebla Camonadenis koeficientis 

klimaturi mniSvnelobiT Κ=0.75, romelic aRebuli iqna md. enguris auzis  am 

nawilisaTvis v.vladimirovis da sxvebis kavkasiisa da saqarTvelos wylis balansis 

kvlevebis Sedegebis mixedviT [8,9,10]. aRsaniSnavia, rom auzSi naleqTa jamebis 

ganawileba simaRlis mixedviT aratipiuria- naleqebi mcirdeba maqsimumiT xaiSSi (1301 mm) 

da nakSi (1343 mm), minimumiT mestiaSi (918 mm). yvela meteopunqti ganlagebulia 1600 m-ze 

qvemoT, rac bevrad naklebia, vidre auzis saSualo simaRle (2320 m). saqmes arc mezobeli 

auzebis - mdinareebis kodoris da rionis wyalSemkrebebze arsebuli punqtebis mo-

nacemebma uSvela. mcdeloba migveRo naleqTa jamebis simaRleze damokidebulebis 

grafikuli da analizuri saxe uSedegod dasrulda. aman ki ar mogvca saSualeba naleqTa 
jamebi wyalSemkrebze dagvekavSirebina auzis saSualo simaRlesTan da Sesabamisi 

koreqcia Segvetana naleqTa yovelwliur mniSvnelobebSi. aseT viTarebaSi iZulebuli 
gavxdiT kvlevis meore nawilSi naleqTa jamebis yovelwliuri sidideebi wyalSemkrebze 
aRgvedgina Camonadenisa da Camonadenis koeficientis klimatur mniSvnelobaTa 

daxmarebiT, rac fizikurad savsebiT misaRebia [8-10]. 

 imis gamo,  rom zeviT naxsenebi 8 punqtidan umetesobas axasiaTebs dakvirvebis 

Zalian mokle rigebi, isini droSi sinqronuli ar arian, amitom Semdgomi analizisaTvis 

ganxiluli iqna mxolod ori meteosadguris - xaiSis da mestiis monacemebi. nax.1-ze 

warmodgenili md. enguris-s.xaiSis kveTSi Camonadenis, wyalSemkrebze naleqTa jamebis 

da haeris temperaturis monacemTa statistikuri analizis Sedegebi. naxazis marcxena 

nawilSi mocemulia am parametrebis dinamika 1938-1990 wlebSi Sesabamisi trendebiT, 

xolo marjvena naxevarSi warmodgenilia damokidebulebebi: Camonadenisa naleqTa 

jamebze; Camonadenisa haeris temperaturaze; naleqTa jamebis temperaturaze. rogorc 

vxedavT, ganxilul periodSi Camonadeni sagrZnoblad izrdeba daaxloebiT R=100-dan 

R=150 m3/wm-mde, rasac Tan axlavs wyalSemkrebze praqtikulad naleqTa jamebis ucvleli 
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sidide P=1135 mm da haeris temperaturis Semcireba daaxloebiT t=8.5° -dan  t=8°C-mde. unda 

vifiqroT, rom aseT mdgomareobaSi Camonadenis mateba unda iyos gan-pirobebuli 

myinvaruli da miwisqveSa Camonadenis zrdiT (ix.nax.1.a. da 2.). 
 

 
 

 

 

 
 

 
 

 
 

 

nax.1.md.enguris auzis dakvirvebuli hidrometeorologiuri parametrebis 
statistikuri analizi, hidrologiuri kalendaruli wlis mixedviT – wliuri 

monacemebi 

 
 

nax.1.a. md.enguri – s.xaiSis kveTSi dafiqsirebuli miwisqveSa Camonadenis dinamika 
 

 
 

 
 

nax.2. myinvaruli Camonadenis dinamika 1938 - 1990 wlebSi 
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cxr.1-Si mocemulia md. enguris-s.xaiSis kveTisTvis miRebuli empiriul-

statistikuri modeli, romelic akavSirebs Camonadenis mniSvnelobebs wyalSemkrebze 

aRniSnul naleqTa jamebsa Pmm da haeris temperaturasTan t°C. 
 
cxrili 1. .md.enguris auzis dakvirvebuli hidrometeorologiuri parametrebis 
statistikuri analizi da modelireba, hidrologiuri kalendaruli wlis mixedviT 
– wliuri monacemebi 

parametrebi 

samcvladiani regresiis 
gantolebiT miRebuli modeli 

R=0.03127P-6.7276t+137.65 

r=0.29; σR=23.49; SR=22.47 

md.enguris Camonadenis gaangariSeba - sag.xaiSTan 

n 
dakvirvenis 

wlebi 

md.enguris auzSi 
 

cdomileba 

dakvirvebu
li sruli 
Camonadeni 

R, m3/wm 

saSualo 
wliuri 
naleqebi 

P mm 

haeris 
saSualo 
wliuri 
tempera-
tura 

t0C 

Camonadenis 
gamoTvlili 
mniSvneloba, 

R, m3/wm 

absol
uturi 

fardo
biTi 

|ΔR|, 
m3/wm 

|ΔR|/R 
% 

1 1938 1939 93,6 1370,50 8,5 123,32 29,704 0,317 

2 1939 1940 98,3 1350,50 8,6 122,33 24,073 0,245 

3 1940 1941 115,9 1548,00 8,9 126,00 10,128 0,087 

4 1941 1942 88,5 1150,00 8,1 119,27 30,800 0,348 

... .. .. .. .. .. .. .. .. 

... .. .. .. .. .. .. .. .. 

50 1987 1988 135,6 1178,00 8,1 120,13 15,451 0,114 

51 1988 1989 143,8 1437,50 7,5 131,86 11,961 0,083 

52 1989 1990 136,2 1103,50 7,7 120,19 15,959 0,117 

saSualo 118,30 1134,63 8,15 118,30 16,68 0,15 

maqsimumi 198,60 1677,00 9,57 140,39 58,21 0,89 

minimumi 59,54 693,50 6,91 102,01 0,04 0,00 

 

cxrilSi Sesulia modelis gamocdis Sedegebi. rogorc vxedavT saSualo 

fardobiTi cdomileba aRwevs 15%-s. miRebuli samcvladiani regresiis gantolebis 

korelaciis koeficienti dabalia da Seadgens r =0.29, saSualo kvadratuli gadaxra 

aRwevs σR=23.5 m3/wm, xolo cdomileba regresiis wrfis mimarT  SR=22.5 m3/wm. miRebuli 

modeli asaxavs situacias globaluri daTbobis intensivobis gazrdamde, romelic 

daiwyo 90-ian wlebSi. miRebuli monacemebi ar ewinaaRmdegebian informacias, Sesuls 

klimatis cvlilebis pirvel erovnul SetyobinebaSi [11]. radgan bolo kvlevebis 

Sedegebis mixedviT 20 wliani periodis monacemebis gaTvaliswineba  (1991-2010) iZleva 

dasavleT saqarTveloSi temperaturis matebas da ara Semcirebas [12-14], miRebuli 
modelis gamoyeneba klimatis cvlilebis raime saprognozo SefasebebSi unda 

Sesruldes garkveuli  sifrTxiliT. gasaTvaliswinebelia isic, rom modelSi naleqTa 

ganawileba wyalSemkrebze mxolod miaxloebiT asaxavs sinamdviles. 
 SevasruloT Camonadenis  savaraudo mniSvnelobis Sefaseba miRebuli modeliT 

ori 2015 da 2100 saprognozo wlebisaTvis. 
 amrigad modelis mixedviT 

   R=0.03127P-6.7276t+137.65,      (8) 
saidanac 

   dR=0.03127dP-6.7276dt.      (9) 
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2015 wlisaTvis dasavleT saqarTveloSi da kerZod md.enguris auzSi klimaturi 

scenaris mixedviT naleqTa jamebi wyalSemkrebze Semcirdeba 5%-iT, xolo temperatura 

gaizrdeba 0.03°C-iT yovel weliwadSi, amitom 

  dP=-0.05P=-0.05x1134.6=-56.7 mm, 

  dt=(2015-1991)x0.03=24x0.03=0.72°C. 

Camonadenis cvlilebis mniSvnelobisaTvis vRebulobT: 

  dR=-0.03127x56.7-6.7276x0.72=-6.6 m3/wm (-5%). 

amrigad, 2015 wlisaTvis Camonadeni Seicvleba  R= 118.3-6.6=111.7 m3/wm-mde. 

2100 wlisaTvis klimaturi scenaris mixedviT naleqTa jamebi unda  Semcirdes 10%-

iT, xolo haeris temperaturam unda moimatos 3°C-iT. 
amitom 

  dP=-0.1P=-0.1x1134.6=-113.46≈113.5 mm, 

  dt=3°C. 

  dR=-0.03127x113.5-6.7276x3=-23.7≈-24 m3/wm (-20%). 

amrigad, 2100 wlisaTvis wyalSemkrebze mosalodneli naleqTa jamebis 10%-iT 

Semcirebisa da haeris temperaturis 3°C-iT matebisas Camonadeni mcirdeba daaxloebiT 24 

m3/wm-iT, rac Seadgens normis 20%-s. saukunis bolosTvis Camonadenis savaraudo 

mniSvneloba Seadgens R=118-24=94 m3/wm. 
yovelwliuri myinvaruli Camonadenis sidideTa Sesafaseblad visargebloT 

formuliT (ix.kvlevis meTodika): 

  Rmy=R-Rgr-(P-E)K,       (10) 

sadac R-sruli Camonadenia, Rgr-miwisqveSa Camonadeni, romelic aiReba zamTris Tveebis 

sruli Camonadenis minimumis gaTvaliswinebiT, P-naleqTa jamebia wyalSemkrebze. 

   E=34t+383        (11) 

wliuri aorTqlebis sididea mm-Si [15], t-wyalSemkrebze haeris temperaturis saSualo 

wliuri mniSvneloba, xolo K-Camonadenis koeficienti, romelic, rogorc es iyo zemoT 

aRniSnuli, aRebulia 0.75-is tolad. 

 cxr.2-Si mocemulia myinvaruli Camonadenis  gamoTvlili mniSvnelo-bebi 1938-1990 

wlebSi, xolo nax.2 warmodgenilia myinvaruli Camonadenis da misi koeficientis 

dinamika Sesabamisi trendebiT.  

imis gamo, rom (10) gantolebaSi marjvena mxares sruli Camonadeni R ufro swrafad 

izrdeba, vidre miwisqveSa Camonadeni Rgr, xolo naleqTa jamebi P faqtiurad ar 

icvleba, myinvaruli Camonadeni mihyveba sruli Camonadenis msvlelobas da aseve 

izrdeba. rogorc vxedavT, myinvaruli Camonadenis koeficientis minimaluri 

mniSvneloba Seadgens daaxloebiT 23%-s (27m3/wm), maqsimaluri-75%-s (63m3/wm), xolo 

saSualo -53%-s (63m3/wm). koeficientis es mniSvneloba daaxloebiT 2-jer metia 

samecniero lite-raturaSi arsebul sidideebze [3,8-10]. rom gamogvesworebina es 

mdgomareoba, naleqTa jamebis dakvirvebul monacemebis nacvlad, rogorc es iyo 

aRniSnuli, gadavediT wyalSemkrebze naleqTa aRdgenil mniSvnelobebze: maTi sidideebi 

gamoTvlil iqna Camonadenis  yovelwliuri monacemebis safuZvelze, rogorc P= R/K, 

sadac K=0.75 aris Camonadenis koeficientis klimaturi maxasiaTebeli. amrigad, 
cxrilebSi 1 da 2 Setanil iqna naleqTa jamebis gamoTvlil monacemTa  masivi da yvela 

gamoTvlebi gameorda imave wesiT, kvlav Camonadenis empiriul-statistikuri modelisa 

da myinvaruli Camonadenis dasadgenad. cxrilebSi 3 da 4 Sesabamisad mocemulia 

Camonadenis formirebis modeli da myinvaruli Camonadenis axali Sefasebis Sedegebi, 

naleqTa jamebis gamoTvlil mniSvnelobaTa gaTvaliswinebiT. naxazebze 3 da 4 

warmodgenilia am SefasebaTa Sesabamisi grafikuli asaxva. 
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cxrili 2. md.enguris (sag.xaiSi) auzis myinvaruli Camonadenis  gamoTvlili 

mniSvnelobebi 1938-1990 wlebSi 

t0C E mm 
RsaS Rmin 

Tve P mm 
(P-E) 
*0.75 

Rmy. 

m3/wm mm m3/wm mm mm m3/wm K2% 
1938-1939 

8.5 672 93.6 1061.8 13.0 147.5 I 1370.5 523.875 390.5 34.4 36.8 
1939-1940 

8.6 675.4 98.3 1115.1 26.0 294.9 III 1350.5 506.325 313.8 27.6 28.1 
1940-1941 

8.9 685.6 115.9 1314.8 32.0 363.0 I 1548.0 646.8 305.0 26.9 23.2 
1941-1942 

8.1 658.4 88.6 1005.1 21.4 242.8 II 1150.0 368.7 393.6 34.7 39.1 
1942-1943 

8.2 661.8 59.5 675.0 14.1 160.0 II 948.0 214.65 300.4 26.5 44.5 
-------------------------------------------------------------------------------------------------- 

------------------------------------------------------------------------------------------------------- 

1987-1988 
8.1 658.4 135.6 1342.0 27.6 313.1 II 1178.0 389.7 639.2 56.3 47.6 

1988-1989 
7.5 638 148.8 1545.1 19.9 225.7 II 1437.5 599.625 719.7 63.4 46.6 

1989-1990 
7.7 644.8 136.2 1538.2 27.8 315.4 II 1103.5 344.025 878.9 77.4 57.1 

saSualo 
8.15 660.23 118.3 1349.33 24.13 273.78  1134.63 355.80 719.74 63.41 51.63 

 

cxrili 3. md.enguris (sag.xaiSi) auzis dakvirvebuli hidrometeorologiuri 
parametrebis statistikuri analizi da modelireba, hidrologiuri kalendaruli 
wlis mixedviT – wliuri monacemebi aRdgenilia naleqTa jamebiT. 

parametrebi 

samcvladiani regresiis 
gantolebiT miRebuli modeli 

R=0.07P-0.13t-5.89 

r=0.88; σR=23,49; SR=3.31 

md.enguris Camonadenis gaangariSeba - sag.xaiSTan 

n 
dakvirvenis 

wlebi 

md.enguris auzSi 

 
Camonadenis 
gamoTvlili 
mniSvneloba 

R m3/wm 

 
ab

s
o
l
u
t
u
r
i 

c
d
o
mi
l
eb

a 

 
f
ar

d
o
b
iT

i 
c
d
o
mi
l
eb

a,
 

დაკვირვებული 

სრული 
Camonadeni 

R m3/wm 

GgaanგariSe
buli 

saSualo 
wliuri 

naleqebi P 
mm 

haeris 
saSualo 
wliuri 

temperatu

ra  t0C |ΔR| 
m3/wm 

|ΔR|/R 
% 

1 1938 1939 93.6 1415.98 8.5 92.12 1.476 0.016 

2 1939 1940 98.3 1486.19 8.6 97.03 1.275 0.013 

3 1940 1941 115.9 1752.65 8.9 115.64 0.262 0.002 

4 1941 1942 88.5 1338.15 8.1 86.73 1.773 0.020 

---------------------------------------------------------------------------------------------------------------------- 

------------------------------------------------------------------------------------------------------------------- 
50 1987 1988 135.6 2050.74 8.1 136.61 1.009 0.007 

51 1988 1989 143.8 2175.40 7.5 145.41 1.613 0.011 

52 1989 1990 136.2 2059.31 7.7 137.26 1.061 0.008 

saSualo 118.31 1789.37 8.15 118.31 1.07 0.01 
maqsimumi 198.60 3003.89 9.60 203.42 4.82 0.06 
minimumi 59.50 900.59 6.90 56.09 0.06 0.00 
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cxrili 4.. md.enguris auzis (sag.xaiSi) myinvaruli Camonadenis  gamoTvlili 

mniSvnelobebi 1938-1990 wlebSi 

t0C E mm 
RsaSi Rmin 

Tve 
P=R/K 
mm 

(P-E) *0.75 
Rmy. 

m3/wm mm m3/wm mm mm m3/wm K2% 

 
1938-1939 

8.5 672 93.6 1062.0 13.0 147.5 I 1416.0 557.9875 356.5 31.4 33.6 
1939-1940 

8.6 675.4 98.3 1114.6 26.0 294.9 III 1486.2 608.0925 211.6 18.6 19.0 
1940-1941 

8.9 685.6 115.9 1314.5 32.0 363.0 I 1752.6 800.286 151.2 13.3 11.5 
1941-1942 

8.1 658.4 88.5 1003.6 21.4 242.8 II 1338.1 509.809 251.0 22.1 25.0 
1942-1943 

 
8.2 661.8 59.5 675.4 14.1 160.0 II 900.6 179.0907 336.4 29.6 49.8 

--------------------------------------------------------------------------------------------------------------- 

------------------------------------------------------------------------------------------------------------------- 

1987-1988 
8.1 658.4 135.6 1538.1 27.6 313.1 II 2050.7 1044.257 180.7 15.9 11.7 

1988-1989 
7.5 638 143.8 1631.6 19.9 225.7 II 2175.4 1153.051 252.8 22.3 15.5 

1989-1990 
 

7.7 644.8 136.2 1544.5 27.8 315.4 II 2059.3 1060.886 168.2 14.8 10.9 
saSualo 

8.2 660.2 118.3 1342.0 24.1 273.8 
 

1789.4 846.9 221.4 19.5 17.8 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

nax.3. md.enguris auzis dakvirvebuli hidrometeorologiuri parametrebis 
statistikuri analizi, hidrologiuri kalendaruli wlis mixedviT – wliuri 

monacemebi aRdgenili naleqTa jamebiT 
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nax.4. myinvaruli Camonadenis dinamika 1938 - 1990 wlebSi 

 

rogorc vxedavT, axal SefasebebSi myinvaruli Camonadenis koeficientis 

minimaluri mniSvneloba Seadgens 3.5% (4.6 m3/wm), maqsimaluri-50% (29.6 m3/wm), xolo 

saSualo - daaxloebiT 18% (19.5 m3wm), rac savsebiT misaRebia. myinvaruli Camonadenis 

dinamika am SemTxvevaSi xasaiaTdeba daRmavali trendebiT, radgan (10) gantolebaSi 

naleqTa roli metad gazrdilia: isini mihyvebian zrdad srul Camonadens, xdeba maTi 

mateba, rac amcirebs myinvaruli Camonadenis  sidides da qmnis daRmaval trends. 

  igive myinvaruli Camonadenis Sefaseba movaxdinoT gansxvavebuli midgomiT, 

risTvisac gamoviyenod (3) an (4) gantolebebi. SerCeuli iqna oTxi weli: 1965, 1990, 2015 da 

2100. pirveli ori weli aRebulia imisTvis, rom SevadaroT arsebul monacemebs da zeviT 

moyvanil kvlevis Sedegebs. 
  1965 wlis myinvaruli Camonadenis Sefaseba Sesrulda Tanaxmad monacemebisa 

monografiidan [3].  

  myinvarTa sruli farTobi enguris auzSi F=288.3km2, haeris temperatura firnis 

xazze 4.6°C. ablaciis periodSi myinvarebis zedapiris modnobis Sedegad warmoqmnili 
myinvaruli Camonadenis dReRamuri sididea 

Q=0.051x 288.3(1+4.6)x0.99=81.5m3/wm. 
 

 aq myinvarTa formis damaxasiaTebeli parametri aRebulia [3]-is mixedviT: 

 99022750 3

1 .K...m =+= . 

4-Tviani ablaciis periodSi es iZleva modnobis mniSvnelobas 

    Q1=81.5x(1.22x2.4x3.6)mln m3=859mln m3. 
saguSago xaiSis kveTSi myinvaruli Camonadenis sidide transformirdeba Semdeg 

mniSvnelobaSi: 

 

   Q2=Rmy= =309 მმ=27.2 მ3/წმ, 
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rac Seadgens saSualo wliuri sruli Camonadenis K2=27.2/118.3=0.23, e.i. 23%-s. 

 1990 wlisaTvis myinvarTa saerTo farTobis cvlileba SeiZleba davadginoT [1] -is 

mixedviT: 
 

   F=F0-0.584(T-T0)=288.3-0.584(1990-1965)=273.7km2. 

myinvaris zedapiris modnobis dReRamuri sidide Seadgens: 
 

   Q=0.051x273.7(1+4.6-0.6)x0.99=69.1m3/wm. 

aq gaTvaliswinebulia 1965 wlisaTvis arsebuli temperatura firnis xazze (4.6°C) da misi 

dakleba xazis 100 metriT zeviT awevisas (0.6°C/100m). miRebulia daSveba myinvarTa formis 

damaxasiaTbeli parametris m=0.99 ucvlelobis Sesaxeb. 

  4-Tviani ablaciis periodSi modnobis sidide Seadgens: 
      

    Q1=69.1x1.22x2.4x3.6 mln m3=728 mln m3. 
saguSago xaiSis kveTSi myinvaruli Camonadenis sididea 
 

    Q2=Rmy= =262 მმ=23.1 მ3/წმ, 

 

rac saSualo wliuri Camonadenis  

    R=0.7768x1990-1407=138.8m3/wm 

    K2=23.1/138.8=0.166≈17%-s   Seadgens. 
ganxiluli periodis normis gaTvaliswinebiT  

    K2=23.1/118.3=0.195=19.5%. 
  2015 wlisaTvis myinvarTa farTobis Semcireba tolia 

    F=F0-0.584(2015-1965)=288.3-0.584x50=259.1km2.                       

uSvebT, rom firnis xazis aweva am droisaTvis Seadgens 200m, amitom temperatura daiwevs 

1.2°C/200 m-ით, xolo globaluri daTbobiT gamowveuli temperaturis mateba firnis 

xazze tolia (2015-1990)x0.03°C/weli=0.75°C. 

  amrigad, modnobis dReRamuri sididea  

    Q=0.051x259.1[1+(4.6-1.2+0.75)]x0.99=67.4m3/wm. 

uSualod myinvaris bolos 4-Tviani ablaciis Semdeg modnobis sidide Seadgens: 

 

    Q1=67.4x1.22x2.4x3.6 mln m3=710.5 mln m3. 
xaiSis kveTSi myinvaruli Camonadenis mniSvneloba iqneba 
 

    Q2=Rmy= =255.6 mმ=22.5 მ3/წმ, 

 

rac am wlisaTvis sruli Camonadenis (trendis gaTvaliswinebiT) 

    R=0.7768x2015-1407=158.3m3/wm-is 

    K2=22.5/158.3=0.14,  e.i.    14%-s   Seadgens. 

  1938-1990 wlebis periodis sruli Camonadenis normis gaTvaliwinebiT 

    K2=22.5/118.3=0.19=19%. 
  2100 wlisaTvis myinvarTa farTobi Semcirdeba 

    F=F0-0.584(2100-1965)=288.3-0.584x135=209.5km2-mde 

firnis xazis 300 m-iT aweva gamoiwvevs temperaturis Semcirebas 0.6x3=1.8°C-iT, xolo 

globaluri daTbobis efeqti gamoixateba xazze temperaturis 3°C-iT matebiT. amitom, 
modnobis dReRamuri sidide iqneba 

    Q=0.051x209.5[1+(4.6+3-1.8)]x0.99=71.9m3/wმ, 

xolo 4-Tviani ablaciis efeqti gamoixateba modnobis sidideSi 

     Q1=71.9x1.22x2.4x3.6 mln m3=757.9 mln m3 ≈758 mln m3 . 
xaiSis kveTSi es sidide transformirdeba  
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                                      Q2=Rmy= =172.7 mm=24 მ3/წმ-მდე. 
 

sruli Camonadenis trendis gaTvaliswinebiT 

                                      R=0.7768x2100-1407=224.3m3/wm, 

xolo myinvaruli Camonadenis koeficientis mniSvneloba iqneba     K2=24/224.3=0.107≈11%. 

 Tu mxedvelobaSi miviRebT sruli Camonadenis normas 1938-1990 wlebSi- R=118.3m3/wm, 

maSin   K2=24/118.3=0.203≈20%. 

 amrigad, md.enguri-sag,xaiSis kveTSi myinvaruli Camonadenis sididis savaraudo 

Semcireba Seadgens 27.2m3/wm-dan (1965) 23-24m3/wm-mde (2015, 2100 wlebi), rac 1938-1990 

periodis sruli Camonadenis normis  gaTvaliswinebiT (118.3m3/wm) tolfasia myinvaruli 

Camonadenis koeficientis K2-is klebisa 23%-dan 19-20%-mde. 

 ganxilul wlebSi trendiT gamoTvlili sruli Camonadenis sidideebis mimarT ki, 

K2-is Semcireba xdeba 23%-dan 11%-mde. 
 nax.5-ze mocemulia ori sxvadasxva meTodiT gamoTvlili Camonadenis 

mniSvnelobebi. rogorc vxedavT, es Sefasebebi didad ar arian gansxvavebuli 
erTmaneTisagan, rac miuTiTebs kvlevis Sedegebis saimedobaze. 
 

 
 

nax.5. ori gansxvavebuli meTodiT gamoTvlili myinvaruli Camonadenis 
mniSvnelobebi.  - wyalbalansuri modeliT gamoTvlili;  - modnobis empiriuli 

formuliT gamoTvlili. 
 

 2015 da 2100 wlebSi wyalbalansuri modeliT da modnobis  empiriuli 
formuliT gamoTvlili myinvaruli Camonadenis sidideebs Soris dacileba aixsneba 
imiT, rom modnobaSi gaTvaliswinebulia mimdinare saukunis bolosTvis 

temperaturis mateba 3°C-iT. 
  
daskvna 

 gamokvleulia md.enguri–saguSago xaiSis kveTSi sruli da myinvaruli 

Camonadenis dinamika klimatis cvlilebis pirobebSi. kvlevis Sedegebi SeiZleba Semdegi 

saxiT warmovadginoT. 

1. 1938–1990 wlebSi arsebuli dakvirvebuli hidrometeorologiuri parametrebis 

statistikuri analizis Sedegad Seswavlilia wyalSemkrebze haeris temperaturis, 

naleqTa jamebisa da Camonadenis cvlileba wlebis mixedviT. miRebulia, rom  52 wlis 

ganmavlobaSi  faqtiurad ucvleli naleqTa jamebis pirobebSi (=1135 mm), haeris 

temperaturis Semcirebisas daaxloebiT 8.5–dan 8C–mde (t=0.5C), saguSago xaiSis 

kveTSi aRiniSna md. enguris sruli Camonadenis zrda R=100 m3/wm–dan TiTqmis R=150 

m3wm–mde (am periodis norma Seadgens R≈120 m3/wm). Camonadenis zrda SeiZleba 

gamowveuli iyos myinvaruli sazrdoobis da miwisqveSa Camonadenis matebiT. 
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2. aRniSnuli periodis hidrometeorologiuri parametrebis yovelwliuri 

monacemebis safuZvelze agebuli iqna md.enguri–sag.xaiSis kveTSi sruli Camonadenis 

formirebis empiriul–statistikuri modeli R=f(P,t), romlis korelaciis 

koeficienti r=0.29, saSualo kvadratuli gadaxra σR=23.5m3/wm, xolo cdomileba 

regresiis wrfis mimarT SR=22.5m3/wm. 

modelis gamocdam arsebul masalebze gviCvena minimaluri cdomileba R≈0.3 

m3/wm (0.3%), maqsimaluri R≈58.2m3/wm (89%), saSualo R≈17m3/wm (15%).  
modelis safuZvelze Sesrulda mdinaris sruli Camonadenis savaraudo 

mniSvnelobaTa Sefaseba 2015 da 2100 wlebisaTvis. Sefaseba ganxorcielda klimatis 

cvlilebis scenaris mixedviT, romlis Tanaxmad wyalSemkrebze 2100 wlisaTvis 

haeris temperaturam unda moimatos 3C–iT, xolo naleqTa jamebis Semcireba unda 

moxdes normis 5–10%–iT. 
am SefasebaTa Tanaxmad 2015 wlisaTvis sruli Camonadenis sidide Semcirdeba 

6.6m3/wm–iT, rac Seadgens normis 5%–s da gaxdeba daaxloebiT R=112m3/wm. 

2100 wlisaTvis Camonadeni Semcirdeba 24m3/wm–iT (20%) da miaRwevs R=94m3/wm 

sidides. 

3. Camonadenis empiriul–statistikuri da wyalbalansuri modelebiT Sesrulda 

myinvaruli Camonadenis savaraudo sidideTa Sefaseba 1938–1990 wlebis 

periodisaTvis. kerZod aRiniSna myinvaruli Camonadenis kleba Rmy=31 m3/wm (34%)–dan 

(1938–1939 ww)  Rmy=15 m3/wm (11%)–mde (1989–1990 ww). saSualo sidide am periodisaTvis 

tolia Rmy=19.5 m3/wm (16.5%) (1964–1965 ww) . trendis gamoyenebiT myinvaruli Camonadenis 

savaraudo mniSvnelobam Seadgina: Rmy=14.3 m3/wm (12%)–2015 wels da Rmy=4.6 m3/wm (4%)–

2100 wels. 

4. myinvaruli Camonadenis mniSvnelobebi Sefasda, aseve, samecniero literaturaSi 
arsebuli myinvaris zedapiridan modnobis sididis empiriuli formulebis 

safuZvelze. am gansxvavebuli midgomiT Sesrulebulma Sefasebam gviCvena xaiSis 

kveTSi Camonadenis myinvaruli komponentis Semdegi savaraudo mniSvnelobebi: 

1965w. – 27.2 m3/wm (K2=23%), 

1990w. –23.1 m3/wm (19.5%), 

2015w. –22.5 m3/wm (19%), 

2100w. –24 m3/wm (20%). 
 Aamrigad, ori  gansxvavebuli meTodiT miRebuli myinvaruli sazrdoobis 

komponentis mniSvnelobebi axlos arian erTmaneTTan, rac miuTiTebs kvlevis Sedegebis 

saimedoobaze. 
 momavalSi myinvaruli Camonadenis mniSvnelobebi dazustdeba modnobis 

gamosaxulebaSi Semavali myinvarTa saerTo farTobis, firnis xazis simaRlis, mis 

doneze haeris temperaturisa da myinvarTa formis parametris (magaliTad, enis farTis 

Sefardeba  saerTo farTobTan) Tanamgzavruli monacemebis safuZvelze. 
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saqarTvelos teqnikuri universitetis hidrometeorologiis institutis SromaTa 
krebuli-2016.-t.123.-gv.83-96.-qarT. rez: qarT., ingl., rus. 
 1938-1990 wlebSi dakvirvebuli hidrometeorologiuri parametrebis 

statistikuri analizis Sedegad Seswavlilia md.enguri-sag.xaiSis kveTisTvis 

wyalSemkrebze haeris temperaturis, naleqTa jamebisa da Camonadenis cvlileba. 

aRniSnuli kveTisTvis agebulia sruli Camonadenis empiriul-statistikuri da 

wyalbalansuri modelebi. modelebis safuZvelze  gamokvleulia sruli Camonadenis 

naleqebiT formirebuli, miwisqveSa da myinvaruli komponentebis dinamika. klimatis 

cvlilebis scenaris safuZvelze, romlis mixedviT 2100 wlisaTvis mosalodnelia 

wyalSemkrebze temperaturis mateba 3ºC-iT da naleqTa jamebis Semcireba 5-10%-iT, 

Sefasebulia sruli Camonadenisa da myinvaruli mdgenelis savaraudo cvlilebebi.  
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Impact of climate change on the river runoff and its glacial component (case study for R.Inguri- village 

Khaishi)./ Begakishvili N. A., Tsintsadze t., Begakishvili N. N., Tsintsadze N./ Transactions of the Institute of 

Hydrometeorology at the Georgian Technical University. -2016. - v.123. – pp.83-96. -Georg.; Summ. Georg.; 

Eng.; Russ. 

 As a result of statistical analysis of hydrometeorologial parameters observed in the period of 1938-1990 

the variation  of air temperature, precipitation sums and river runoff in the basin are studied for R.Inguri- vil. 

Khaishi. The empirical-statistial and water-balance models of river runoff are obtained for the given section. 
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The dynamics of total runoff components- formed by precipitation, underground and glacial- are investigated 

on the basis of models. Using the Climate Change scenario, according to which the increase of air temperature 

by 3°С and decrease of precipication by 5-10% are anticipated at the watershed to 2100, the expected alteration 

of total river runoff and its glacial component is assessed. 
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Влияние изменения климата на сток реки и его ледниковую состовляющую (на примере 
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 В результате статистического анализа наблюденных в 1938-1990 годах гидрометеорологических 

парамеров изучены для реки Ингури-с.Хаиши изменения на водосборе температуры воздуха, сумм 

осадков и стока реки. Для указанного створа получены эмпирию-статистические и воднобалансовые 

модели стока реки. На основе моделей исследована динамика компонентов полного стока- 

сформированная осадками, подземная и ледниковая состовляющие. Используя сценарий изменения 

климата, согласно которому к 2100 году ожидается на водосборе рост температуры воздуха на 3ºC и 

уменьшение сумм осадков на 5-10%, выполнена  оценка возможного изменения полного стока реки и 

его ледниковой состовляющей. 
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